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ABSTRACT 
A Motility, Antibody-Immobilization Technique 
for the Rapid Detection of Salmonellae 
in Food and Environmental Samples 
(May, 1982) 
N. Robert Ward, B.A., University of New Hampshire 
M.S., Ph.D., University of Massachusetts 
Directed by: Warren Litsky, Ph.D. 
A motility, antibody-immobilization technique, developed for 
detecting Salmonella spp. in food and environmental samples, was found 
to be more rapid, easier to perform and of equivalent efficiency when 
compared to the currently employed cultural and fluorescent antibody 
(FA) methodologies. The initial phase of study evaluated a modified 
flask (named MIF), designed to accommodate 2 layers of motility media 
and an antisera layer. The first motility layer, formed in the bottom 
of the MIF, was a mixture of bacteria from the primary enrichment and a 
semisolid Tetrathionate medium (ssTET). The second layer, which was 
overlaid above the solidified ssTET, was formed with a Tryptone-based 
medium, designated ssTRYP. Diluted flagellar antibodies were added onto 
the solidified ssTRYP. The arrangement of motility layers was found to 
promote the preferential migration of Salmonella while the flagellar 
antibodies were used to indicate their presence through immobilization 
of the motile cells into an opaque, permanent and easily discernible 
band. Studies with pure cultures and with food and environmental 
v 
samples demonstrated that the MIF procedure was very sensitive at 
detecting Salmonella and that the immobilization reactions were easy to 
interpret. The final phase of study involved the investigation of 
slowly motile strains which were not recovered by the MIF assay. These 
experiments revealed that certain peptone (protein hydrolyzate) and 
agarose preparations were better suited to promote motility and that the 
problem strains could be recovered with modifications in the MIF media 
formulations. The MIF investigations were completed with 2 comparative 
studies using a modified MIF procedure. In the first, the primary 
enrichment was added directly into the MIF and the overall agreement 
between culture, FA and MIF techniques was 91%. In the second study, 
where 0.1M L-Serine, fresh Tetrathionate Broth and the primary enrich¬ 
ment were inoculated together into the MIF, a 99% agreement with cul¬ 
ture was recorded. 
vi 
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CHAPTER I 
INTRODUCTION 
The genus Salmonella is composed of approximately 1700 sero¬ 
types, most of which produce a self-limiting gastroenteritis in man 
which lasts 3-12 days. The disease is not normally life threatening to 
healthy individuals, but infants under 1 year, the aged and com¬ 
promised persons are particularly susceptible to fatal infection. 
S. typhi, the etiologic agent of typhoid fever, is of greatest concern 
clinically because of the severity of the disease and its danger to both 
healthy and predisposed individuals. 
While the incidence of typhoid fever in the United States is 
low, due mainly to improved sanitary practices, the number of cases of 
nontyphoid salmonelloses remains high with an estimated 2 million cases 
per year (17, 22). The major reservoir appears to be poultry (16) and 
salmonellae are most commonly transmitted through ingestion of contam¬ 
inated meat, poultry and egg products (17, 22, 54). 
Because food is the major vehicle for transmission, reduction in 
the number of cases is an obtainable goal. Through adequate surveil¬ 
lance programs and careful scrutiny of food products before distribution, 
a diminution in the number of contaminated products reaching the public 
is possible. In addition, the standards of the Food, Drug and Cosmetic 
Act (36) require that food be pathogen-free before dissemination. In 
order to insure proper monitoring, however, it is imperative that sensi 
tive and reliable bacteriological procedures be available. 
1 
The conventional isolation procedures which are currently em¬ 
ployed are lengthy (requiring up to 4 days to complete), cumbersome, 
expensive and may yield false negative results. Fluorescent antibody 
techniques have also been employed but they require highly trained 
personnel, expensive fluorescent microscopic systems and costly fluor¬ 
escein-labeled antisera, which at times lack specificity. 
This paper details the investigation of a motility system for 
detecting Salmonella spp. which was designed to eliminate the opera¬ 
tional difficulties inherent in the cultural and fluorescent antibody 
techniques. The goals for this system were that it be rapid (detection 
within 24 hours), sensitive and specific (at least as efficient as 
existing accepted procedures), easy to perform and interpret and inex¬ 
pensive . 
CHAPTER I I 
LITERATURE REVIEW 
Salmonella spp. are asporogenous, gram negative rods, which are 
peritrichously flagellated with the exception of the aberrant, immotile 
strains, S. pullorum and S. gallinarum. Most do not ferment lactose, 
utilize malonate or produce the enzyme urease. Generally, lysine, 
arginine and ornithine are decarboxylated (11). The genus is separated 
into approximately 1700 serotypes based upon cell surface antigens. 
Classically, these serotypes have been designated as individual species; 
a usage which is still employed in the literature and is used in this 
paper. However, it has recently been suggested that all serotypes be 
grouped into 3 species, namely, S. enteritidis, S. typhi and S. 
choleraesuis (14). 
All members of the genus are potentially pathogenic for humans 
and/or animals (15). A few serotypes exhibit host specificity, viz., S. 
pullorum, pullorum disease in poultry; S. gallinarum, typhoid in chick¬ 
ens and turkeys; and S. typhi and S. paratyphi A and C, typhoid and 
paratyphoid fevers in man. The incidence of infections in man caused by 
S. pullorum and S. gallinarum is very low, whereas S. typhimurium is 
the most commonly isolated serotype from human salmonelloses (4). 
The cultural methodology for Salmonella identification has been 
intensely studied and the literature is replete with references to 
different types of enrichments, selective plating media, incubation 
times and temperatures and handling of various types of samples. 
3 
Recently, Harvey and Price (34) and Fagerberg and Avens (17) reviewed 
some of these reports. 
4 
It is an accepted fact that no single cultural identification 
procedure is satisfactory for all food and environmental samples and 
that certain methods exclude some Salmonella serotypes and strains. 
Accepted cultural methodologies have, therefore, been structured to 
include various combinations of enrichment and selective plating media 
in an effort to identify as many Salmonella-contaminated samples as 
possible. In addition, no one biochemical or serological test has been 
accepted for confirming potential Salmonella isolates and a battery of 
tests is necessary. As a result, the procedure has become very time 
consuming (requiring at least 4 days), burdensome to the laboratorian, 
and expensive to perform. Compounding the problem is the fact that even 
with this intensive effort, the assays may be inaccurate and not reflect 
the pathogenic hazard of the sample. 
The culture methodology sanctioned by the Food and Drug Admini¬ 
stration (FDA, 21) which conforms to the procedure described in Official 
Methods of Analysis, Association of Official Analytical Chemists (AOAC, 
6) involves a 24 ± 2 h pre-enrichment in a nonselective broth for foods 
which have been subjected to heat treatment or freezing, or which con¬ 
tain preservatives, have a high osmotic pressure or low pH. The pre¬ 
enrichment step is included for the purpose of resuscitating stressed 
cells. Certain raw food and finished products which are highly con¬ 
taminated are not pre-enriched and are inoculated directly into the 
selective enrichment broths. A 24 ± 2 h selective enrichment in 
Selenite Cystine and Tetrathionate Broths follows with the purpose of 
5 
inhibiting nonsalmonellae while promoting the selective propagation of 
salmonellae. Brilliant Green, Salmonella-Shigella (SS) and Bismuth 
Sulfite Agar plates are streaked for isolation from each enrichment 
medium and the plates are incubated for 24 ± 2 h. At least 2 typical 
colonies are picked from each plate and subcultured into Triple Sugar 
Iron (TSI) Agar and Lysine Iron Agar (LIA) slants for 24 ± 2 h incuba¬ 
tion. When no typical colonies are apparent, the plates are incubated 
for an additional 24 h and reexamined. If typical Salmonella reactions 
are observed in the TSI and LIA slants, biochemical and serological 
identification is made on 6 presumptively positive cultures; 3 which 
originated from the Selenite Cystine Broth and 3 from the Tetrathionate 
Broth. Identification proceeds sequentially by testing the pure cul¬ 
tures in Urea Broth for 24 h or by using the 2 h Urease test. All 
urease positive cultures are discarded. Urease negative cultures are 
grown for either 4-6 h in Brain Heart Infusion (BHI) Broth or overnight 
in Trypticase Soy Tryptose Broth and flagellar agglutinations are per¬ 
formed. In addition, further biochemical and serological tests are 
conducted including: lysine decarboxylase, dulcitol fermentation, 
growth in KCN broth, utilization of malonate, production of indole from 
tryptophane and polyvalent 0 agglutination. If these biochemical and 
serological tests results are equivocal, additional biochemical assays 
are necessary. Finally, Salmonella serotyping with somatic (0) and 
flagellar (H) antisera may be carried out. 
In an attempt to reduce the time required for screening of 
foods, many different approaches have been investigated. 
6 
A membrane filter procedure was studied by Kenner et al. (41) 
which involved a 4-6 h pre-enrichment in Selenite Brilliant Green Medium 
with and without Sulfapyridine, filtration through membrane filters and 
incubation of filters for 16-18 h on pads imbued with Selenite Brilliant 
Green and Selenite Brilliant Green Sulfa Broths. Typical Salmonella 
colonies were 1-3 mm in diameter, flat and dark orange. The procedure 
successfully inhibited the growth of Proteus, E. coli, E. freundii, 
Paracolobactrum sj3., Pseudomonas sp. and other coliform organisms. 
S. typhi and S. paratyphi were not recovered by this assay. 
Other investigators have attempted to reduce the number of bio¬ 
chemical and/or serological tests required for identification of Sal¬ 
monella. Giammanco and Falci (25) devised a semisolid medium which 
demonstrated p-galactosidase, phenylalanine deaminase activities and 
motility in one tube and decreased the time and materials for identi¬ 
fying Salmonella and Shigella. 
The use of the bacteriophage 0-1 was first investigated by 
Cherry et al. (13) for identifying salmonellae. Welkos et al. (69) 
reported that 0-1 was useful for a 4-5 h screening of Salmonella using a 
simple spot test which proved to be highly specific and sensitive. 
Certain strains of E. coli, however, were found to be susceptible to the 
0-1 phage and the percentage of 0-1 sensitive E. coli. of 239 strains 
tested was 5.9%. 
Hajna and Damon (29) introduced the use of flagellar agglutina¬ 
tion using polyvalent H antisera as a time-saving screen for Salmonella. 
Silliker et al. (55) used polyvalent H agglutination for screening non¬ 
lactose-fermenting colonies grown on selective media. Only 6 of 767 
7 
colonies identified biochemically as Salmonella failed to agglutinate, 
two being S. pullorum. No false positives were encountered and none of 
the nonsalmonellae tested were agglutinated with the polyvalent H anti¬ 
sera. Barkate (8) performed polyvalent H agglutination reactions from 
TSI positive slants and found that polyvalent H screening was as reli¬ 
able as the more time-consuming, biochemical identification. He noted 
that polyvalent H agglutination was especially valuable when mixed 
cultures gave spurious reactions in the biochemical media and when 
Paracolobactrum arizonae (now known as Arizona), a pathogen which causes 
an infection similar to that of Salmonella, gave positive agglutination 
reactions. A study by Wazenski et al. (68) substantiated the results 
obtained by Barkate. Cheng et al. (12) used flagellar agglutination of 
growth in M Broth (58) to confirm for Salmonella following selective 
plating on Brilliant Green Sulfa Agar. They reported that this screen¬ 
ing procedure was far more specific than biochemical testing and that 
the organism identified as Salmonella with pooled H antisera invariably 
was confirmed with further biochemical tests and complete serotyping. 
Assay procedures which do not rely upon pure culture techniques 
have also been studied in order to reduce the time and effort required 
for Salmonella detection. Of these methods, fluorescent antibody pro¬ 
cedures are more popular. 
Thomason, Cherry and Moody (64) first introduced fluorescent 
antibody (FA) for the identification of salmonellae. They determined 
that the three classes of salmonella antigens, viz., the envelope (K or 
Vi), the flagella (H) and the somatic (0) antigens could be successfully 
stained with fluorescein-labeled antisera. Later, in an attempt to 
8 
identify Salmonella in fecal samples, Thomason et al. (63) found the 
detection was complicated by nonspecific staining. 
In studying the FA applications for Salmonella detection in 
food, Haglund et al. (28) determined that the procedure was sensitive, 
but that debris in the selective enrichment broth stained nonspecific- 
ally. In addition, somatic antibodies were found to cross react with 
nonsalmonellae, especially E. coli. Insalata et al. (38) reported that 
it was necessary to absorb commercially prepared polyvalent 0 antisera 
with E. coli and C. freundii to eliminate nonspecific staining. Even 
with absorption of the polyvalent 0 antisera with E. coli and 
Citrobacter, Shulte et al. (53) calculated a false positive rate of 6.6% 
when assaying 3,991 food samples. Fantasia et al. (19) reported that 
the polyvalent antisera preparations could not have absolute specificity 
for Salmonella because of the shared antigens of some enteric organisms 
and that absorption with E. coli and Citrobacter to eliminate cross¬ 
reactivity, resulted in poor staining of many strains of Salmonella. 
They concluded that a fluorescent antibody method must be limited to a 
screening procedure. 
A number of investigators have reported that labeled polyvalent 
H antisera is very specific for Salmonella and that false positives 
could be avoided with its use (10, 38, 56). However, others have not 
employed H antisera because they have found that the preparative steps 
during FA staining removed the flagella, making microscopic detection 
difficult (18, 53). To circumvent this problem, Caldwell et al. (10) 
stained the Salmonella in suspension in an effort to retain flagellar 
integrity. They reported positive results only when both 0 and H 
staining was observed. Georgala and Boothroyd (24) could not utilize 
polyvalent H antisera because the flagellar antigens were poorly de¬ 
9 
veloped when the Selenite F enrichment was incubated at 43° C. Insalata 
et al. (38) reported that incubation in Selenite Broth at 35° C did not 
interfere with H staining. 
Generally, when commercial labeled OH antisera have been em¬ 
ployed, investigators have reported a very low false negative rate and a 
false positive rate of about 7% (19, 42). The problem of nonspecific 
staining of food in the enrichment broths has been obviated with the use 
of post-enrichment in either a selective or nonselective broth (19, 26, 
39, 56). 
The method adopted as Official First Action of the AOAC (19) 
includes a pre-enrichment of certain food products in a noninhibitory 
broth for 24 ± 2 h, a selective enrichment in Selenite Cystine and 
Tetrathionate Broths for 18-24 h, post-enrichment for 4 h in Selenite 
Cystine Broth followed by direct FA staining with commercially available 
conjugated OH antisera. 
A semiautomated system for direct fluorescent antibody detection 
of salmonellae was evaluated by Thomason et al. (65) and Munson et al. 
(49). The system automatically deposited an enrichment broth onto a 
slide, stained the smear with polyvalent 0 conjugated antisera and read 
the fluorescence intensity. Thomason et al. determined that the system 
gave satisfactory results with processed foods, but that a high rate of 
false-negative results was obtained with unprocessed foods and environ¬ 
mental samples. Similar results were recorded by Munson et al. 
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Thomason (62) developed a microcolony FA Salmonella detection 
system whereby a loopful of Tetrathionate Broth was inoculated onto the 
surface of a Brilliant Green Agar plate and incubated for 3 h at 35°C 
before impression smears were made of the Brilliant Green Agar micro¬ 
colonies for FA staining with conjugated polyvalent OH antisera. The 
technique was found to be more sensitive than direct FA and culture 
methods for food and environmental samples and results were easily 
interpretable. 
Reamer and Hargrove (50) used a Lysine-Iron-Neutral Red presump¬ 
tive enrichment broth to indicate the presence of Salmonella before 
direct FA staining with polyvalent 0 antisera. They determined that the 
system provided useful one-day information about Salmonella contamina¬ 
tion in nonfat dry milk. 
An indirect enzyme-labeled antibody technique (ELAT) was de¬ 
veloped to detect Salmonella in food (42). The procedure involved an 18 
h pre-enrichment in Selenite Cystine and Tetrathionate Broths and a 4 h 
post-enrichment in the nonselective, M Broth. The 2 h serologic test 
was conducted by spotting the inoculated M Broth onto cellulose-acetate 
filters and air drying, reacting the membranes with purified anti¬ 
flagella rabbit antibodies and staining with anti-rabbit goat IgG con¬ 
jugated to horseradish peroxidase. With addition of the substrate, 3, 
3'-diaminobenzidine or benzidine, a brown or blue reaction product 
indicated the presence of Salmonella. The assay was determined to be 
less expensive, more rapid, sensitive and easily performed than enrich¬ 
ment serology (58) and fluorescent antibody techniques. Commercial 
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polyvalent H antisera was found to be useless due to nonspecific 0 anti¬ 
bodies crossreacting with nonsalmonellae. 
Sperber and Deibel (58) developed a Salmonella detection pro¬ 
cedure which involved an 18 h pre-enrichment, selective enrichment for 
24 h, an elective enrichment for 6-8 h followed by agglutination with 
polyvalent H antisera. M Broth, an all-purpose Tween (APT) medium sup¬ 
plemented with Mannose, was utilized in the elective enrichment step in 
order to eliminate nonspecific fimbrial agglutination. The system was 
reported to be as sensitive, more rapid, less laborious and expensive 
than the accepted cultural procedures. The procedure was given the 
moniker, enrichment serology (ES). In a collaborative study with IDA 
(20) the authors employed an overnight incubation of the M Broth and 
obtained excellent agreement between ES and the traditional procedures 
for 35 different products. 
Smyser and Snoeyenbos (57) compared ES using an overnight incu¬ 
bation of M Broth and a direct culture procedure for isolating salmo- 
nellae from rendered animal by-products. They tound that only 64/, of 
the samples, positive by culture, were ES positive. A false positive 
rate of 1.2% was reported, i.e., agglutination in M broth without re¬ 
covery of Sllmonella, using cultural procedures. ES with a 24 hour 
elective enrichment wait reported by Boothroyd and Baird-Parker O) to 
detect 95% of the total positives found by conventional procedures in 
food and animal feed. However, when a 6 h elective enrichment was 
employed, only 69% of those positive by culture were ES positive. No 
false positive reactions were obtained using the 24 h elective enrich¬ 
ment. Mohr et al. (46) compared FA, ES and standard cultural techniques 
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and concluded that the ES procedure using a 6 h elective enrichment was 
the preferred Salmonella screening method. They observed only one false 
negative result using ES in 347 food samples surveyed. The false posi¬ 
tive rate for ES was lower than that obtained for FA. 
Motility systems have been used successfully in isolating Sal¬ 
monella from mixed cultures. Ino and Graber (37) separated highly 
motile Salmonella from less motile Pseudomonas aeruginosa by passage 
through a semisolid medium. Harvey et al. (31) introduced a procedure 
whereby growth from apparently negative selective agar plates was sus¬ 
pended in saline and inoculated into a semisolid Nutrient Medium con¬ 
tained in Pasteur pipets. Following a 24 h incubation at 37°C, organ¬ 
isms which had migrated through the Pasteur pipet were subcultured onto 
additional selective plating media. A significant number of abattoir 
drain swabs and sewage-polluted water samples which would have been 
reported as negative were positive using the secondary motility enrich¬ 
ment. Later, Harvey and Price (32) used modified Craigie tubes in place 
of Pasteur pipets and the secondary motility enrichment more than 
doubled the number of Salmonella isolates from commercial meat and 
bone meal. 
Other investigators have employed chemical agents in semisolid 
media in order to promote the selective migration of Salmonella from a 
mixed culture. Stuart and Pivnick (60) used semisolid Selenite F, 
Rappaport Medium and Rappaport Medium plus 0.001% Brilliant Green in 
modified U tubes to effect the selective motility of Salmonella before 
streaking onto EMB Plates. The U tubes were incubated at least 1 day 
and in some cases up to 11 days before subculturing. Banwart et al. (7) 
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developed a special glass apparatus with three side U tubes (which could 
accommodate different selective motility media) projecting from a cen¬ 
tral chamber for the sample and Lactose Broth. The motility system was 
incubated for 24 and 48 h and the presence of Salmonella was indicated 
by appropriate fermentation reactions in the selective motility media 
and confirmed with polyvalent H agglutination. The authors concluded 
that the system was more rapid than conventional cultural assays, could 
detect low numbers of Salmonella and that the probability of detecting 
Salmonella was increased with the use of multiple motility media. 
Abrahamsson et al. (3) used a 500 ml round flask with a specially fitted 
side arm, loosely plugged with glass wool. Movement of Salmonella from 
the central chamber of the motility flask containing the sample through 
the glass wool into the side arm was indicated by a pH drop in the 
Dulcitol-Selenite enrichment broth in 24 hours and confirmed with fluor¬ 
escent antibody staining. These authors reported poor agreement between 
the conventional cultural method and the motility system. Harper and 
Shortridge (30) used a modified SS medium in Craigie tubes and found 
that the motility system more than doubled the isolations of Salmonella 
from fecal samples when compared with cultural techniques involving 
direct inoculation onto SS agar plates and selective enrichment in 
Selenite F Broth before subculturing onto SS Agar plates. A nephelo 
flask was utilized by Fung and Kraft (23) to accommodate multilayers of 
motility media and sample plus Lactose Broth. Selective motility was 
accomplished with the use of a Selenite Cystine, Sodium Lauryl Sulfate 
semisolid layer and appropriate biochemical reactions in the Triple 
Sugar Iron Agar and Mannitol or Dulcitol semi-solid layers indicated the 
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presence of Salmonella. The motility system was reported to be able to 
detect small numbers of Salmonella in the presence of large numbers of 
competitive organisms in 17-36 h. Chau and Huang (11) developed a 48 h 
technique using the selective migration and appropriate biochemical 
reactions in a specially formulated motility medium as presumptive 
evidence and polyvalent H agglutination as confirmation for Salmonella. 
They reported a greater than 4-fold increase in Salmonella isolation 
when compared with cultural procedures involving direct plating onto 
MacConkey and SS Agar plates and selective enrichment into Strontium 
Selenite Broth before streaking onto SS Agar plates. 
Mohit (47) initially described a disk immunoimmobilization 
method for serotyping Salmonella where cells migrating through motility 
medium contained in a Petri dish were fettered by flagellar-specific 
antibodies into a distinct opaque line. Later, Mohit (48) adapted the 
immunoimmobilization method for the detection of Salmonella in a mixed 
population using semisolid SS medium for selective migration. He con¬ 
cluded that the technique was 10 to 10,000 times more sensitive than a 
cultural technique involving direct inoculation onto SS Agar plates for 
detecting Salmonella in seeded fecal samples and that only 24-48 h 
incubation was required. Swaminathan et al. (61) modified the immuno¬ 
immobilization procedure by concentrating the sample enrichment (fol¬ 
lowing a 6 h incubation) using membrane filtration before inoculation 
onto a Dulcitol-Brilliant Green-Novobiocin medium. They observed good 
correlation with the conventional cultural methods for the detection of 
Salmonella in raw meats and poultry. 
CHAPTER III 
METHODS AND RESULTS 
This study was conducted in two phases. The first phase in¬ 
volved the development of a motility system for rapidly detecting 
Salmonella♦ The preliminary experiments were concerned with the ques¬ 
tions of whether motility could be utilized for detecting Salmonella in 
a mixed population and if immobilization with polyvalent H antisera 
could be used as the sole indicator of the presence of Salmonella in 
motility media. Motility medium components, apparati to perform the 
assay and conditions of incubation, were then investigated to determine 
the best combination for detecting Salmonella. This set of experiments 
was concluded with a comparative study of the motility and cultural 
techniques for detecting Salmonella in food and environmental samples. 
The studies in the second phase involved an extensive investiga¬ 
tion of motility for the purpose of defining the importance of the 
medium components used in the assay. Since little information could be 
derived from those strains which were actively motile and always pro¬ 
vided positive reactions, stock cultures were screened for those strains 
which were slowly motile in the motility assay. These were then util¬ 
ized to determine what modifications in the media formulations were 
necessary to assure their detection. Again, this set of experiments 
was concluded with a comparative study between the motility system and 
the accepted procedures. 
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Bacteria. Most strains of Salmonella were obtained from the stock 
cultures of C. F. Smyser, Department of Veterinary and Animal Sciences, 
Paige Laboratory, University of Massachusetts, Amherst. These included 
(strain numbers in parentheses): S. agbeni (1957-75), S. agona (1285- 
74), S. alachua (2452-71), S. albany (3066-69), S. altendorf (4346-66), 
S. amsterdam (52-74), S. anaturn, S. arkansas (610-72), S. aruta, S. 
bareilly (1733-71), S. basel (6467-68), S. belem (1665-71), S. berta 
(60-73), S. blegdam (4832-70), S. blockley (4712-70), S. bornum (610- 
74), S. braenderup (4834-72), S. bredeney (2449-72), S. canoga (3065- 
69), S. cerro (607-74), S. Chester (170-72), S. Colorado (1161-74), S. 
deversoir (6468-69), S. drypool (632-74), S. dub1in (727-69), 
S. duesseldorf (1082-74), S. eimsbuettel (872-71), S. enteritidis, 
S. essen (1684-71), S. eubania, S. florida (150-71), S. gatuni (4347-66), 
S. give (1127-74), S. gold coast (Hubbard 561), S. good (2199-69), 
S. grumpensis (30-74), S. haerlem (6467-68), S. halmstad (820-74), 
S. hartford (1964-77), S. havana (778-74), S. heidelberg (1318-17), 
S. illinois (9851-69), S. indiana (1287-74), S. infantis, S. java (1775- 
77), S. javiana (1679-74), S. johannesburg (1272-75), S. kentucky (609- 
74), S. kottbus (77-74), S. lexington (830-74), S. lille (821-74), 
S. litchfield (1861-77), S. livingston (398-64), S. locarni (9168-68), 
S. london (821-75), S. manhattan (4711-70), S. manila (309-73), 
S. maricopa (535-71), S. meleagridis (2302-76), S. menhaden (721-74), 
S. miami (73-77), S. minnesota (607-73), S. molade (607-72), 
S. montevideo (1314-77), S. muenchen (1949-77), S. new brunswick (1150- 
74), S. newington (1974-76), S. newport (309-74), S. ninstaden (599-76), 
S. nottingham (534-71), S. offa (609-72), S. ohio (491-76), 
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S. oranienburg (454-75), S. ordonoz, S. orion (2215-70), S. oslo (236- 
71), S. panama (659-78), S. pensacola (4348-66), S. pomona (11519-68), 
S. reading (9375-69), S. rostock (151-71), S. rubislaw (1318-77), S. st. 
paul (488-75), S. san diego (1339-77), S. schleissem (1875-74), S. 
schwartzengrund (53-74), S. senftenberg (1370-70), S. seigburg (203-73), 
S. Singapore (340-75), S. taksony (28-74), S. tallahassee (1960-70), S. 
tennessee, S. thomasville (353-74), S. thompson (80-75), S. tranora 
(3678-71), S. urbana (127-76) and S. Worthington (372-74). 
S. typhimurium ATCC 13311 was obtained from the Department of Environ¬ 
mental Sciences, Marshall Hall, University of Massachusetts, Amherst. 
S. paratyphi B was obtained from CDC, Atlanta, Georgia. Salmonella 
strains 78-37, 78-38, 78-39, 78-40 and 78-48 and S. senftenberg (78-54) 
were isolated from stabilized sewage sludge. 
Cultures of Escherichia coli, Proteus vulgaris, Citrobacter 
freundii, Pseudomonas aeruginosa, Enterobacter aerogenes, Enterobacter 
cloacae, Enterobacter agglomerans, Enterobacter hafniae, Hafnia alvei, 
Enterobacter sakazaki, and Serratia liquifaciens were obtained from the 
stock cultures of the Department of Environmental Sciences, Marshall 
Hall, University of Massachusetts, Amherst. 
Cultures were stored on Motility Medium (Difco) in screw-capped 
tubes at room temperature. For the motility assays, the cultures were 
grown overnight in BHI Broth (BBL) at 35°C. All dilutions were made in 
sterile 0.1% peptone buffer. Plate counts were performed with Standard 
Methods Agar (BBL). 
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Motility Assays. Motility assays which were performed in Wasserman 
tubes or in modified volumetric flasks were incubated at 35°C for 24 h. 
The motility plates, which were employed to determine motility rates, 
were incubated at room temperature. The motility media used in the 
motility assays were autoclaved at 121°C for 15 min (unless otherwise 
noted) and cooled to 50°C before use. One tenth ml of Polyvalent H 
Antisera (BBL), diluted 1:10 with sterile 0.85% saline, was added to the 
motility units unless otherwise instructed. 
Peptones. Materials such as enzymatic and acid hydrolyzates of plant 
and/or animal proteins and Beef Extract are described collectively 
as peptones in this study. 
Part A. Development of a Motility System for Detecting Salmonella 
The motility assay initially studied was prepared with 2 dis¬ 
tinct semisolid media layers (inoculum and motility layers) and an 
antisera layer which were contained in a sterile Wasserman tube. The 
inoculum layer was prepared by mixing 2 ml of tempered, molten medium 
with 0.1 ml of an undiluted or diluted culture and placing the mixture 
at the bottom of the Wasserman tube. After the inoculum layer solidi¬ 
fied, 5 ml of motility medium was carefully overlaid onto the inoculum 
medium and allowed to solidify. One tenth ml of Polyvalent H Antisera 
was then layered onto the exposed surface of the motility medium. 
Experiment 1A. A peptone-based motility medium (ssTRYP) which contained 
1.5% Bacto-Tryptone (Difco), 0.85% NaCl (Fisher) and 0.4% Bacto-Agar 
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(Difco) was used for both the inoculum and motility layers. Approxi- 
7 
mately 10 E. coli ATCC 8739, S. infantis and S. enteritidis were seeded 
individually into the inoculum layer medium. Replicate tubes of each 
were then overlaid with 0.1 ml of polyvalent H antibody diluted 1:5, 
1:10, 1:25 and 1:50 with 0.85% sterile saline. 
Results. The Salmonella spp. were permanently immobilized into a very 
sharp band approximately 4-6 mm below the top surface of the motility 
layer when the 1:5 and 1:10 dilutions of the polyvalent H antibody were 
employed. No immobilization bands were noted for the higher dilutions 
of the antisera. In addition, no bands were observed for E. coli at any 
of the antibody concentrations tested as the organism moved through the 
diffused antibodies to the top of the motility layer. 
Experiment 2A. A selective motility medium (ssSEL) was tested to deter 
mine whether selective agents were useful for promoting the preferential 
migration of Salmonella over other, motile, enteric bacteria. The ssSEL 
was a modification of the motility medium developed by Swaminathan (61) 
This medium was modified by deleting the sugar (dulcitol) and the hydro¬ 
gen sulfite detecting agents, Ferric Ammonium Citrate and Sodium Thio 
sulfate. The final formulation included: 
Ingredients 
Proteose Peptone 
Beef Extract 
NaCl 
Bile Salts 
Sodium Desoxycholate 
Neutral Red 
Brilliant Green 
Concentration (g/100 ml) 
1.2 
0.3 
0.5 
1.5 
0.2 
0.0025 
0.00004 
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Sodium Novobiocin 0.002 
Agar (Difco) 0.4 
The medium, which was prepared without Sodium Novobiocin (Upjohn), be¬ 
cause of its instability to high temperatures (52), was placed in 
flowing steam for 15 min and then cooled to 45°C. Novobiocin, which had 
been solubilized in distilled water and sterilized using a 0.22 um 
filter (Millipore), was then aseptically added. 
The nonselective ssTRYP was also tested. Combinations of the 
ssSEL and ssTRYP were used such that the ssSEL was employed as the 
inoculum layer medium with either ssSEL or ssTRYP as the motility 
layers. Conversely, ssTRYP was tested as the inoculum layer medium with 
either ssTRYP or ssSEL as the overlay. Diluted cultures were added to 
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the inoculum media such that approximately 10 S. infantis, C. freundii, 
E. coli ATCC 8739 and P. vulgaris ATCC 6380 were present in each motility 
tube. Triplicate motility tubes were used for each combination of ssSEL 
and ssTRYP. 
Results. The data indicated that some selectivity was necessary when 
Salmonella were to be detected from a mixed population containing 
motile, competitive bacteria (Table 1). Apparently, Salmonella had the 
motile advantage only when the mixed population was added directly to 
the ssSEL inoculum medium. All immobilization negative tubes which were 
turbid were analyzed and in each case the motile organism was identified 
as C. freundii. The motility of P. vulgaris and E. coli seemed to be 
inhibited in the tubes containing the selective agents. Salmonella was 
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TABLE 1. The immobilization of Salmonella infantis from motility 
tubes containing mixed populations of motile enteric 
bacteria. 
Inoculum Layer 
ssTRYP ssSEL 
ssTRYP - + 
Motility 
Layer 
l 
ssSEL +/- 
The immobilization bands were poorly defined- 
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confirmed as the immobilized organism in the positive tubes whereas no 
Salmonella were identified in the +/- tubes. 
Experiment 3A. Pure cultures of S. enteritldia, S. lnfantls, 5 cultural 
of Salmonella spp. isolated from primary sewage sludge, E. coli ATCC 
8739, P. vulgaris ATCC 6380 and C. freundii were individually seeded at 
5 
final concentrations of 10 per ml into the Inoculum medium. The com¬ 
pleted motility tubes contained ssSEL an the inoculum layer medium and 
ssTRY? as the motility layer medium. 
Results. Only the Salmonella spp. were selectively immobilized in the 
motility tubes (Table 2). However, It was observed that K. coll and C. 
freundii. were also motile in these tubes. 
Experiment 4A. Pure culture competition studies were performed by 
a 2 i o 
diluting S. typhimurium to approximately 10 , 10 , 10 or 10 organisms 
a 4 a 
per ml and seeding them Into a mixed culture with either 10 , 10 , 10 
p 
or 10 organisms per ml of C. freundii, K. coll and P. vuljjarls. Ihe 
mixed cultures were then sdded to the ssHKb. 
Results. Tin- data Indicated that the presence of 8. typhimurium could 
be masked If the ratio of seeded rioflnalmonrll.se to saImone 1 1 as was 
a 
greater than 10 to 1 (Table 3). Enigmatically, the tube containing 10 
per ml S. typhimurium and 10 ' per ml of the mixed culture was negative 
2 1 
although the tubes with 10 and 10 8 typhimurium prr mi at Hit 
mixed culture lr*vel were positive. When the experiment was "<P™tr,1» 
a 2 » 
the motility tubes were positive wlir-n seeded with 10 , 10 »n<l 10 
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TABLE 2. The selective motility and immobilization of Salmonella spp. 
and competitive, motile, enteric bacteria in Wasserman tubes. 
Organism Strain # 
Immobilization 
Band Motility 
S. enteritidis + + 
S. infantis + + 
Salmonella sp. 78-37 + + 
Salmonella sp. 78-38 + + 
Salmonella sp. 78-39 + + 
Salmonella sp. 78-40 + + 
Salmonella sp. 78-48 + + 
E. coli ATCC 8739 — + 
C. freundii — + 
P. vulgaris ATCC 6380 
TABLE 3. Motility tubes seeded with various ratios of S. typhimurium 
and a mixed culture of C. freundii, E. coli and P. vulgaris. 
Number of S. typhimurium per ml 
3 2 l 
10 10 10 10 
3 
Organisms/ml 10 - + + 
in the mixed 4 
culture 10 - - - - 
per ml of the mixed culture. These data suggested that the motility 
assay may lack reproducibility in certain mixed culture situations 
when employing this combination of motility media. 
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Experiment 5A. In an attempt to decrease the number of motile enteric 
bacteria competing with Salmonella, modifications were made in the mo¬ 
tility method described above. First, a semisolid Tetrathionate (ssTET) 
medium was tested as the inoculum layer medium. The ssTET was chosen 
because Tetrathionate Broth is very efficient at depressing the levels 
of most motile, enteric bacteria. It was anticipated that the ssTET 
would serve as a secondary enrichment for Salmonella in the inoculum 
layer following primary enrichment. The ssTET was prepared by adding 
Bacto-Agar (unless otherwise noted) to Tetrathionate Broth to a final 
concentration of 0.4%. The medium was heated in flowing steam for 30 
min, cooled to 50°C and the iodine solution was added according to the 
manufacturer’s specifications. 
In addition to the use of ssTET, Sodium Novobiocin was added 
into both the ssTET and ssTRYP because of its efficiency at inhibiting 
the growth of Proteus spp. and certain coliform organisms (34, 51). The 
Novobiocin was added to the molten, tempered media from a 2 mg/ml stock 
solution. The stock solution was prepared by dissolving Sodium Novobio¬ 
cin (Upjohn) in 0.1 M Phosphate buffer (pH 7.2) and sterilizing the 
solution using a 0.22 um filter (Millipore). The final concentration of 
Novobiocin in the media was always 10 pg/ml. 
Finally, a modified 25 ml volumetric flask, designated as the 
Motility Immobilization Flask (MIF), was employed instead of the Wasser 
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man tube for performing the motility assay. The volumetric flask was 
modified by placing 2 ports on opposing sides near the bottom of the 
flask (Figure la). One advantage of using the MIF was that it could 
accommodate a large inoculum. It was hoped that the introduction of a 
large inoculum into the flask would increase the probability of Sal- 
monella being recovered in the motility system. In addition, the flask 
was useful because a large surface area could be established between the 
inoculum and motility layers so that Salmonella would have a greater 
chance of migrating into the motility layer. The MIF was prepared for 
use by plugging port 1 and 2 with vacutainer stoppers and port 3 with 
cotton prior to steam sterilization at 121°C for 15 min. The first step 
in inoculating the unit involved mixing the ssTET with the bacterial 
culture in the bottom of the unit and allowing the ssTET to solidify. 
When bacteria were added directly to the MIF without a preceding enrich¬ 
ment period, 0.1 ml of a diluted or undiluted culture was added to 10 ml 
of tempered, molten ssTET. However, when the bacteria were added to an 
enrichment broth before MIF inoculation, 5 ml of the enrichment broth 
and 5 ml of the ssTET were dispensed into the bottom of the unit (Fig¬ 
ures lb and lc). Through port 3, ssTRYP was carefully layered over the 
solidified inoculum layer until the ssTRYP reached about 4-5 cm up the 
neck of the MIF (approximately 20 ml; Figure Id). Following solidifica¬ 
tion of the second layer, 0.1 ml of a 1:10 dilution of polyvalent H 
antisera was applied to the exposed surface of the second layer through 
port 3 (Figure le). 
The first experiment with the MIFs was conducted to determine 
the effect of Novobiocin supplementation on the motility of salmonellae 
27 
c. Addition of ssTET <± Addition of ssTRYP 
Immobilization 
Band 
e. Addition of Antisera f. Completed MIF 
Fig. 1. Preparation of the MIF for testing. 
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and nonsalmonellae. This assay was performed by supplementing Novobio¬ 
cin into the ssTET and ssTRYP at concentrations of 0, 20, 50 and 
4 
100 pg/ml. Approximately 10 S. enteritidis, S. typhimurium, 
S. infantis, S. tennessee, P. vulgaris, C. freundii, E. cloacae, 
P. aeruginosa, E. aerogenes, E. coli ATCC 8739 and E. coli ATCC 25922 
were individually inoculated into each MIF. The ability of each to 
migrate in the MIF media was determined after 12, 14 and 24 h of incu¬ 
bation by taking a loopful of ssTRYP from the top of the MIF, in¬ 
oculating it in BHI Broth, and incubating overnight at 35°C. Visible 
turbidity in the BHI Broth indicated that the organisms had migrated to 
the top of the MIFs. Each turbid culture was confirmed by streaking on 
Eosin Methylene Blue Agar (EMB) plates and observing for characteristic 
colonies after 24 h of incubation at 35°C. 
Results. The motility assays in the MIFs revealed that the Salmonella 
spp, C. freundii, E. cloacae, E. aerogenes, E. coli ATCC 8739 and E. 
coli ATCC 25922 were equally motile when no Novobiocin was supplemented 
into the motility media (Table 4). When 20 pg per ml of Novobiocin was 
supplemented, E. aerogenes was no longer recovered from the MIF after 24 
h of incubation, and the motility of S. typhimurium and E. coli ATCC 
25922 was slowed. The addition of Novobiocin at 20 pg per ml did not 
affect the motility of the other Salmonella spp, C. freundii, E. cloacae 
or E. coli ATCC 8739. At 50 pg per ml, S. typhimurium, E. coli ATCC 
8739 and E. coli ATCC 25922 could not be detected after 24 h. Also, the 
motility of S. enteritidis, S. infantis, S. tennessee, C. freundii and 
E. cloacae was inhibited. One hundred pg per ml was quite toxic to most 
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of the test organisms with the exception of S. enteritidis. 
p. aeruginosa was not inhibited by concentrations of Novobiocin at or 
below 50 pg per ml. However, P. aeruginosa was not considered to be a 
problem in the MIFs because of its characteristic slow motility. 
Experiment 6A. To establish whether a primary enrichment at 4l.5°C be¬ 
fore MIF inoculation was beneficial for promoting the preferential 
movement of salmonellae in the ssTRYP, cultures of Salmonella and com 
6 
petitive, motile, bacteria were diluted to 10 per ml and 0.1 ml was 
inoculated into 10 ml of Tetrathionate Broth. The Tetrathionate Broth 
was incubated at 4l.5°C for 8 h and the MIF motility media was supple¬ 
mented with Novobiocin at 20 pg per ml. The ability of the motile 
enteric bacteria to migrate in the MIFs was determined as described in 
Experiment 5A. 
Results. A significant reduction in the number of nonsalmonellae 
capable of moving in the MIFs after an 8 h incubation in Tetrathionate 
Broth was noted (Table 5). E. coli ATCC 8739, E. coli ATCC 25922 and P. 
aeruginosa, which had migrated in the presence of 20 pg per ml of Novo¬ 
biocin when seeded directly into the MIFs, were not recovered after an 
8 h incubation in Tetrathionate Broth at 41.5°C. Of the test organisms, 
only Salmonella spp. and C. freundii appeared to move through the ssTRYP 
with equal facility following primary enrichment. 
Experiment 7A. Nine peptones were randomly selected and compared to 
ssTRYP for their ability to promote the motility of S. enteritidis in 
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TABLE 5. The motility of salmonellae and nonsalmonellae in the MIF 
following eight-hour enrichment in Tetrathionate Broth at 
41.5°C. 
Organism 
Hours After 
12 
Inoculation 
14 
of MIF 
24 
S. enteriditis + + + 
S. typhimurium - + + 
S. infantis + + + 
S. tennessee + + + 
P. vulgaris - - 
- 
C. freundii - + + 
E. cloacae - - + 
P. aeruginosa - - — 
E. aerogenes - - 
E. coli 8739 - - 
- 
E. coli 25922 - — 
- negative for 
+ positive for 
motility 
motility 
in MIF 
in MIF 
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the MIFs. These peptones included Neopeptone (Difco), Polypeptone 
(BBL), Phytone (BBL), Tryptose (Difco), Bacto-Peptone (Difco), Proteose 
Peptone (Difco), Proteose Peptone #3 (Difco) and Casitone (Difco). Each 
medium, which was prepared with a peptone at 1.5%, was adjusted to pH 
7.0 before sterilization. In addition, no Novobiocin was added into 
either the ssTET or the motility media. Each MIF was inoculated with 
3 2 1 
either 10 , 10 or 10 S. enteritidis. 
Results. Each peptone supported the active motility of S. enteritidis 
and all immobilization bands were sharp and well-defined (Table 6). No 
growth was observed in the MIFs when approximately 10 bacteria were 
inoculated into the ssTET and Neopeptone, Phytone, Tryptose and Proteose 
Peptone #3 were employed in the motility layer. These negative results 
were probably due to the low number of S. enteritidis rather than the 
inability of the peptone to support rapid motility. 
Experiment 8A. The motility and immobilization reactions of 4 serotypes 
of Salmonella were determined when the ssTET and ssTRYP were prepared 
with either 0.25, 0.3 or 0.4% Granulated Agar (BBL) or 0.4% Bacto-Agar 
4 
(Difco). Approximately 10 S. tennessee, S. heidelberg, S. newport and 
S. senftenberg were inoculated into each MIF and Novobiocin was present 
at a final concentration of 20 (Jg per ml. 
Results. It was determined that agar from different manufacturers gave 
dissimilar MIF results when used at 0.4% and that the concentration of 
BBL Agar had to be reduced to 0.25% before results comparable to those 
obtained with 0.4% Difco Agar were observed (Table 7). 
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TABLE 6. The motility of S. enteritidis in MIFs employing different 
peptones in the semisolid motility medium. 
Number of Cells Inoculated 
3 2 l 
Type of Peptone 10 10 10 
Neopeptone + + ng 
Polypeptone + + + 
Phytone + + ng 
Tryptose + + ng 
Bacto-Peptone + + + 
Proteose Peptone + + + 
Bacto-Tryptone + + + 
Proteose Peptone #3 + + ng 
Casitone + + + 
+ = positive immobilization 
ng = no growth 
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TABLE 7. The development of immobilization bands in MIFs with the 
concentration of BBL Agar at either 0.25, 0.3 or 0.4% and 
Difco Agar at 0.4%. 
BBL Agar Difco Agar 
Serotype: 0.25% 
S. heidelberg + 
S. newport + 
S. senftenberg + 
0.3% 0.4% 0.4% 
+ - + 
+ 
+ - + 
S. tennessee 
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Experiment 9A. Forty-two stock cultures of Salmonella were surveyed for 
positive immobilization reactions in the MIFs. Each strain was assayed 
by inoculating about 100 cells into a MIF. The motility media was 
prepared with 0.25% BBL agar and 20 pg per ml of Novobiocin. The MIF 
results were recorded after 24 and 36 h of incubation. 
Results. It was determined that 92.8% of the serotypes assayed were MIF 
positive after 24 h of incubation (Table 8). Although S. typhimurium 
was immobilized in the MIF, the band which formed was weak and only 
apparent at 24 h of incubation. S. good did not grow in the MIF media, 
whereas S. dub1in and S. newport were slowly motile and gave weakly 
positive immobilization bands after 36 h of incubation. 
Experiment 10A. The sensitivity of the MIF technique at detecting low 
numbers of S. typhimurium, S. enteritidis, S. tennessee and S. infantis 
in the presence of high numbers of motile, nonsalmonellae was deter¬ 
mined. Nonsalmonellae mixed cultures were prepared by diluting over¬ 
night cultures of P. vulgaris, C. freundii, E. coli ATCC 25922, E. coli 
~ 6 
ATCC 8739, P. aeruginosa, E. cloacae, and E. aerogenes to about 10 per 
ml and adding approximately 0.13 ml of each into sterile test tubes for 
a final volume of 0.9 ml in each tube. The final concentration of each 
5 
organism in the test tubes was approximately 10 per ml. Overnight 
cultures of salmonellae were diluted and 0.1 ml was added such that one 
serotype was present in a mixed culture at a final concentration of 
3 2 1 0 
approximately 10 , 10 , 10 or 10 per ml. 
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TABLE 8. MIF results for 40 serotypes of Salmonella after 24 hours of 
incubation. 
Serotype MIF Serotype MIF 
S. agona + S. heidelberg + 
S. albany + S. indiana + 
S. altendorf + S. infantis + 
S. amsterdam + S. java + 
S. aragua + S. lexington + 
S. bareilly + S. lille + 
S. basel + S. livingston + 
S. belem + S. litchfield + 
S. berta + S. london + 
S. blockley + S. manila + 
S. branderup + S. maricopa + 
S. bredeney + S. menhaden + 
S. cerro + S. miami + 
S. Chester + S. montevideo + 
S. Colorado + S. newport - 
S. dublin - S. oranienburg + 
S. duesseldorf + S. paratyphi B + 
S. enteritidis + S. rubislaw + 
S. give + S. senftenberg + 
S. good - S. tennessee + 
S. havana + S. typhimurium + 
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Results. The MIFs were very efficient at detecting low levels of 
Salmonella spp. in the presence of large numbers of motile non- 
salmonellae (Table 9). However, in the subsequent assays which were 
performed to confirm these observations, the strain of S. typhimurium 
tested could not always be recovered even when the number of S. ty¬ 
phimurium exceeded the background levels. 
Experiment 11A. The developmental studies were concluded when the MIF 
technique was compared to a cultural methodology for isolating Sal¬ 
monella from chicken liver and neck and ground beef samples. These food 
samples, which were purchased from local grocery stores, were selected 
for study because of their high probability of Salmonella contamination. 
For each assay, 25 g of the poultry or beef sample was aseptically added 
to 225 ml of Tetrathionate Broth and incubated at 4l.5°C. For most of 
the food samples, the MIFs were inoculated after 8 and 24 h of incubation. 
In addition to the food testing, municipal sludge and sludge- 
soil mixtures, which were being monitored for Salmonella die-off as part 
of a research project concerned with the pathogenic hazards associated 
with land application, were also studied. For the soil studies, ap¬ 
proximately 100 g of soil-sludge mixture was inoculated into 900 ml of 
Tetrathionate Broth. In studies concerned with the die-off of Sal¬ 
monella during sand-bed drying of municipal digested sludge, samples 
were taken with a sterile aluminum 3.2 cm core sampler from a sand bed 
and inoculated into Tetrathionate Broth such that the volume of sludge 
to the volume of Tetrathionate Broth was 1:10. These enrichments were 
incubated at 41.5°C for 24 h before MIF inoculation. 
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The cultural technique was performed in parallel with the MIF 
procedure. Hektoen (BBL) and Xylose Lysine Desoxycholate (BBL) Agar 
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plates were streaked from the Tetrathionate Broth after 24 h and 
incubated for 24 h at 35°C. At least 3 typical colonies were picked 
from each plate and inoculated into LIA and TSI slants which were incu¬ 
bated for 24 h at 35°C. Slide agglutination tests using Polyvalent 0 
Antiserum (BBL) were then performed from the slants on those isolates 
showing reactions typical for Salmonella. All agglutination positive 
isolates were confirmed biochemically using Lysine Decarboxylase Broth 
(Difco) and Urea Agar (Difco) slants and serologically with a tube 
agglutination reaction employing Polyvalent H Antisera. 
Those samples which were determined to be positive by MIF but 
negative by culture (false positives) were subjected to confirmation by 
inoculating 1 ml, taken from the top of the MIF, into 10 ml of Tetra¬ 
thionate Broth and proceeding as outlined above for cultural isolation. 
Direct streaking of selective agar plating media from the MIFs was found 
to be ineffective for confirmation as the nonsalmonellae which were 
motile in the MIFs (generally Citrobacter spp.) masked the presence of 
Salmonella on the agar plates. 
Results. A large number of samples were found to be culture negative, 
but MIF positive and the overall false positive rate was calculated to 
be 73.3% (Table 10). All 84 MIFs which were indicated as false posi¬ 
tives were subsequently tested and 58.3% of these were found to be 
positive for Salmonella (Table 11). Of the supposed 25 false positive 
MIFs for the poultry samples, 22 or 88% of these were confirmed for 
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Salmonella. However, the rate of confirmation for the MIF with the 
sludge samples was only 45.8%. 
Of the 301 samples tested, 5 were negative by MIF and positive 
by culture (Table 10). Of these, 4 were sludge samples and 1 was a beef 
sample. No false negative results were observed for the 62 poultry 
samples surveyed. The overall false negative rate was calculated to be 
1.7%. 
The MIF detected 3 positive samples after 24 h of enrichment 
incubation which were negative after 8 h for 82 poultry samples tested 
(Table 12). Only one sample was positive following an 8 h incubation, 
but negative following a 24 h incubation. 
Part B. Evaluation of MIF Media and Antibody 
In the course of the developmental studies, the MIF results with 
certain strains of Salmonella were difficult to replicate while others 
were always reproducible. Inspection of the MIFs indicated that these 
problem strains were poorly motile in the motility media. In an effort 
to better understand the factors which influence the motility of Sal- 
monella, the agar, peptone and Novobiocin employed in the MIF assay were 
studied. 
Experiment IB. A survey of 97 stock cultures was conducted in Wasserman 
tubes for the purpose of identifying poorly motile strains of Salmo¬ 
nella. The motility medium which was employed was prepared with com¬ 
binations of 0.2 and 0.3% BBL agar and 0, 10, 20 and 30 Mg/ml of Novo¬ 
biocin. The procedure for inoculation and preparation of the motility 
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TABLE 12. Comparison of an 8 and 24 h incubation in Tetrathionate 
Broth at 4l.5°C before inoculation of MIFs for detecting 
Salmonella spp. in food. 
Positive 8 h/positive 24 h 16 
Positive 8 h/negative 24 h 1 
Negative 8 h/positive 24 h 3 
Negative 8 h/negative 8 h 62 
Total: 82 
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tubes is outlined in Part A. For each strain tested, approximately 
8 
10 cells were inoculated into each motility tube. The results of the 
motility assays were recorded using a specially developed code for 
identifying actively and poorly motile strains and for describing the 
immobilization bands which were formed by the interaction of the motile 
Salmonella with the Polyvalent H Antisera. This code is summarized in 
Table 13. 
The numbers used in this code were assigned to an organism based 
upon visual inspection of its turbidity in the motility medium; 3 being 
very turbid and 1 being slightly turbid. Turbidity was employed as a 
measure of motility because the motility media in the MIFs inoculated 
with the problem strains were always slightly turbid. In contrast, the 
motility media inoculated with those strains which gave reproducible MIF 
results were very turbid. 
The immobilization bands were described according to whether the 
motile Salmonella were completely immobilized in the motility media with 
the Polyvalent H Antisera when it was diluted 1:10 with 0.85% saline. 
The Ma" designation was given when Salmonella were completely immobil¬ 
ized and formed a band which was about 1-2 mm wide. The "b" designation 
was assigned whenever the test strain was not completely immobilized and 
formed bands which were 2-4 mm wide. 
The "m" designation was given when small, discrete colonies of 
apparently nonmotile cells were observed throughout the motility medium, 
ostensibly, dislodged from the ssTET layer upon addition of the ssTRYP. 
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TABLE 13. The motility/immobilization code. 
Code: Description: 
ggni Motility medium is very turbid, but no immobiliza¬ 
tion bands are present. 
3a Motility medium is very turbid and the motile 
Salmonella are completely immobilized. 
3b Motility medium is very turbid, but the motile 
Salmonella are not completely immobilized. 
2a Motility medium is moderately turbid and the 
motile Salmonella are completely immobilized. 
2b Motility medium is moderately turbid, but the 
motile Salmonella are not completely immobilized. 
la Motility medium is slightly turbid and the motile 
Salmonella are completely immobilized. 
lb Motility medium is slightly turbid, but the motile 
Salmonella are not completely immobilized. 
pg-ni Some slightly turbid regions within the motility 
medium with no apparent immobilization band. 
ng No growth 
m Microcolonies present in the motility medium. 
g Gas produced in the motility medium. 
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Results. It was determined that the greatest percentage of strains ex¬ 
hibiting active motility occurred when either 0 or 10 pg per ml of Novo¬ 
biocin was employed (Table 14). Many were sensitive to concentrations 
of Novobiocin at or above 20 pg per ml. This inhibition, however, 
could be compensated for by decreasing the concentration of agar to 
0.2%. However, even when 0.2% agar and 20 pg per ml of Novobiocin were 
used in combination, 10% of the strains were slowly motile or nonmotile. 
The strains of Salmonella which were poorly motile irrespective 
of the concentration of Novobiocin or agar included S. blegdam, 
S. essen, S. newport and S. rostock. The S. good and S. typhimurium 
strains were found to be especially sensitive to the addition of Novo¬ 
biocin to the media. 
In addition to the observations made concerning motility, it was 
noted that the concentration of antibody which was used in the motility 
tubes was occasionally insufficient for complete immobilization when a 
motility medium which favored very active motility (low agar concentra¬ 
tion with no Novobiocin or low levels) was employed. 
Experiment 2B. The MIF medium components were studied by determining 
the motility rates for the strains of S. dub1in, S. good, S. newport, S. 
rostock and S. senftenberg which were found to be poorly motile in the 
MIF and motility studies. Also, an actively motile strain of S. lexing- 
ton was used as a control. In these assays, the motility medium to be 
tested was prepared with appropriate concentrations of agar or agarose, 
supplements, if any, and peptone. The medium was adjusted, if neces¬ 
sary, to pH 7.1 and sterilized at 121°C for 15 min. After the medium 
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TABLE 14. The motility and immobilization reactions for 97 serotypes of 
Salmonella. 
Novobiocin (pg/ml) : 0 
0.2 
10 
Agar 
20 
concentration 
30 
(%w/v) 
0.3 
0 10 20 30 
S. agbeni 3b 3b 3a 3a 3b 3b 3a lb 
S. agona 3a 3a 3a 3a 3a 3a 3a ng 
S. alachua 3b 3b 3b 3a 3a 3b 3a 3a 
S. albany 3b 3b 3b la 3b 3b 2a ng 
S. altendorf 3b 3b 2a 2a 3a 3a 2a la 
S. amsterdam 3b 3b 3b 3b 3b 3b 2a pg-ni 
S. arkansas ggni ggni ggni ggni ggni ggni ggni ggni 
S. aruta 3b 3b 3b 3a 3a 3a 3a 2a 
S. barielly 3a 3a 3a lb 3a 3a lb g-ni 
S. basel 3a 3a 3a 3a 3a 3a 2b la 
S. belem 3b 3b 3b 3b 3b 3b 3b 2a 
S. berta 3b 3b 3a 3a 3b 3a 3a 3a 
S. blegdam pg-ni 2b ng ng pg-ni pg-ni ng ng 
S. blockley 3b 3b 2b ng 3a 3a 2a pg-ni 
S. bornum 3b 3b 3a 3a 3a 3a 3a lb 
S. branderup 3b 3b 3b 3a 3a 3a 3a 3a 
S. bredeney 3b 3b 3a 2a 3a 3a 3a ng 
S. canoga 3a 3a 3a 3a 3a 3a 2a 2a 
S. cerro 3b 3b 2a 2a 3b 3a 3a 2a 
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TABLE 14 (continued) 
Agar concentration (%w/v) 
Novobiocin (|Jg/ml): 0 
0.2 
10 20 30 0 
0.3 
10 20 30 
S. Chester 3b 3b 3a 3b 3b 3b 3a ng 
S. Colorado 3b 3b 3b 3b 3b 3a 3a 3a 
S. drypool 3a 3a 3a 3a 3a 3a 3a 3a 
S. deversoir 3b 3b 3b 3b 3b 3a 3a 3a 
S. dublin 3b 3b 3b pg-ni 3a 3a 3a ng 
S. duesseldorf 3b 3b 3b 3a 3b 3a 3a 3a 
S. eimsbuettel 3b 3b 3a 3a 3a 3a 3a pg-ni 
S. enteritidis 3b 3b 3a 3a 3a 3a 3a 3a 
S. essen lb pg-ni pg-ni lb pg-ni pg-ni pg-ni pg-ni 
S. eubania 3b 3b 3a 3a 3a 3a 2a la 
S. florida 2b 3b 3a ggni 3b 3b 3b 3a 
S. gratuni 3b 3b lb pg-ni 3b 2a pg-ni ng 
S. give 3b 3b 3a 2a 3a 3a 2a la 
S. gold-coast 3a 3b 3a 3a 3a 3a 3a 2a 
S. good 3b 2a pg-ni pg-ni 3a pg-ni pg-ni ng 
S. grumpensis 3b 3b 3b 3a 3a 3a 3a 2a 
S. haarlem 3b 2b 3b 3a 3b 3b 2b 2b 
S. halmstad 3a 3a 3a 3a 3a 3a 3a 3a 
S. hartford 2a 3a 2a 3a 3a 3a 2a la 
S. havana 3b 3b 3a 3a 3b 3b 3a 2a 
S. heidelberg 3a 3a 3a 3a 3a 3a 3a 2a 
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TABLE 14 (continued) 
Agar concentration (%w/v) 
Novobiocin ((Jg/ml) : 0 
0.2 
10 20 30 0 
0.3 
10 20 30 
S. illinois 3b 3b 3a 3a 3a 3a 3a 2a 
S. indiana 3b 3b 3b 3a 3a 3a 3a 2a 
S. j ava 3b 3b 3b 3a 3a 3a 3a lb 
S. javiana 3a 3a 2b pg-ni 3a 3a lb &g 
S. Johannesburg 3a 2a 2b lb 2a 2a 2a pg-ni 
S. kentucky 3b 3b 3a la 3a 3a 2a lb 
S. kottbus 3a 3a 2a la 3a 3a lb &g 
S. lexington 3b 3b 3b 3a 3b 3b 3b 2b 
S. lille 3b 3b 3a 3a 3b 3b 3a 3a 
S. litchfield 3a 3a 3a 3a 3a 3a 3a 3a 
S. livingston 3b 3b 3b 3a 3b 3a 3a 2a 
S. locarni ggni 3b 3b 3a 3b 3b 3b 3b 
S. london 3a 3a 3a 3a 3a 3a 3a 3a 
S. raanhattan 3b 3b 3a 3a 3a 3a 3a 3a 
S. manila 3a 3a 3a 3a 3a 3a 3a 2a 
S. maricopa 3b 3b 3a 3b 3a 3a 3a 3a 
S. menhaden 3a 3a 3a 3a 3a 3a 3a la 
S. miami 3a 3a 3a 3a 3a 3a 3a la 
S. minnesota 3a 3a 3a 2a 3a 3a pg-ni pg-ni 
S. molade 3b 3b 3a lb 3b 3b la pg-ni 
S. montevideo 3a 3a 3b 3a 3a 3a 3a la 
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TABLE 14 (continued) 
Novobiocin ((Jg/ml): 0 
0.2 
10 
Agar 
20 
concentration (%w/v) 
0.3 
30 0 10 20 30 
S. muenchen 3b 3b 3b la 3a 3a 3a la 
S. new brunswick 3b 3b 3b lb 3a 3a 2a lb 
S. newington 3a 3a 3a 3a 3a 3a 3a 3a 
S. newport 2b la ng ng ng ng ng ng 
S. ninstaden 3b 3b 3b 2b 3a 3a 3a la 
S. nottingham 3b 3b 3b 3b 3a 3a 2a 2a 
S. offa ggni ggni 3a 2a. 3b 3a 2b 2a 
S. ohio 3a 3a 3b 2b 3a 3a 3a lb 
S. oranienburg 3a 3a 3a la 3a 3a 2a 2a 
S. ordonoz 3a 3a - ng 3a 3a la la 
S. orion 3a 3a 3a 3a 3a 3a 2a la 
S. oslo ggni 3b ggni 2b 3a 3a la la 
S. panama 3b • 3b 3a 2a 3a 3a 3a pg-ni 
S. paratyphi B 3a 3a 3a 2a 3a 3a 2a 2a 
S. pensacola ggni ggni ggni 3b 3a 3a 3a la 
S. pomona ggni 3a 3a pg-ni 3a 3a 2a pg-ni 
S. reading 3a 3a 3a la 3a 3a la pg-ni 
S. rostock 2a pg-ni pg-ni ng ng ng ng ng 
S. rubislaw 3b 3a 2a la 3a 2a pg-ni ng 
S. st. paul 3a 3a 2a 2a 3a ng ng ng 
S. san diego 3b 3a lb lb 3a 3a 3a ng 
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TABLE 14 (continued) 
Agar concentration (%w/v) 
0.2 0.3 
Novobiocin (pg/ml): 0 10 20 30 0 10 20 30 
S. schliessem 3b 3b 3b 3a 3a 3a 2a ng 
S. schwartzenbrung 3b 3a 3a 3a 3a 3a 3a 3a 
S. senftenberg (s) 3b 3a 3a 3a 3b 3b 3b la 
S. senftenberg 
(1370-70) 3a 3a 3a la 3a 3a la pg-ni 
S. seigburg 3b 3b 3a ng ggni 2b ng ng 
S. Singapore 3b 3b lb ng 3a 3a ng ng 
S. taksony 3a 3a 2a ng 3a 2a ng ng 
S. tallahasee 3b 3b 3b 3a 3a 3a 3a la 
S. tennessee 3a 3a 3a 3a 3a 3a 2a la 
S. thomasville 3a 3a 3a 3a 3a 3a 3a 2a 
S. thompson 3a 3a 2a ng 3a 2a ng ng 
S. tranora 3b 3a la ng 3a 3a ng ng 
S. typhimurium 
ATCC 13311 3a 3a ng ng 3a 3a la ng 
S. urbana 3b 3b 3a la 3a 2a la ng 
S. Worthington 3b 3b 3a ng 3a 3a la ng 
TABLE 14 (continued) 
DATA SUMMARY 
Concentration of agar (% w/v) 
No novobiocin 0.2% 0 1 • 3% 
ggni or 3 (a or b) 92/97 or 95% 92/97 or 95% 
2,3 or ggni 25/97 or 98% 93/97 or 96% 
1, pg-ni or ng 2/97 or 2% 4/97 or 4% 
10 Mg/ml novobiocin 
ggni or 3 91/97 or 94% 91/97 or 87% 
2,3 or ggni 94/97 or 97% 91/97 or 94% 
1, pg-ni or ng 3/97 or 3% 6/97 or 6% 
20 pg/ml novobiocin 
ggni or 3 74/96 or 77% 50/97 or 51% 
2,3 or ggni 86/96 or 90% 72/97 or 74% 
1, pg-ni or ng 10/96 or 10% 25/97 or 26% 
not tested S. ordonoz 
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was cooled to 45°C, 15 ml was dispensed into Petri dishes and allowed to 
solidify at room temperature. 
The bacterial culture was prepared for study by inoculating a 
loopful of a refrigerated stock culture (which had been grown overnight 
at 35°C in BHI Broth) into 10 ml of BHI Broth and incubating for 8-10 h 
at 35°C. Five yl of the 8-10 h culture was then spotted at the center 
of a motility plate. The plates were incubated at room temperature and 
the time, in hours, for the outermost front of motile organisms to move 
2.5 cm from the point of inoculation was recorded. 
The data for each test strain were transposed using the following 
equation: 
Motility Rate = Log (1/Time (hours) x 100). 
The reciprocal expression (1/Time x 100) was included in the equation to 
show a direct relationship between the independent variable and the 
motility rate. The logarithm of the reciprocal was used to reduce the 
statistical weighting by certain test strains, especially when composite 
motility rates were calculated. 
The data for the motility studies were analyzed by comparing 
rates of motility for individual strains and/or by calculating a compos¬ 
ite motility rate in a particular medium preparation. The composite 
motility rate was calculated by summing the motility rates for the 
individual test organisms. The composite motility rates were especially 
useful for examining the overall responses of the six strains and for 
determining which medium preparation supported the most rapid motility. 
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A disadvantage of using the composite motility rate was that one or two 
strains occasionally biased the overall rate. 
Since the motility plates were prepared with very low concentra¬ 
tions of agar or agarose, the plates were difficult to move without 
causing fractures in the medium. Consequently, the plates were poured 
on the laboratory benchtop and incubated at room temperature so that 
they did not have to be handled. The limitation of the room temperature 
incubation was that the temperature of the room could not be controlled 
and varied considerably from day to day. Therefore, when data was 
needed which compared the rates of motility in two media preparations, 
the assays were run at the same time to eliminate the temperature vari¬ 
able. The motility rates for experiments performed on different days 
are not necessarily comparable. 
The rates of motility were first determined when the motility 
media were prepared with 0.2% BBL Agar and with three different types of 
agarose supplied by Marine Colloids Division, FMC Corporation. These 
agaroses included SeaPlaque (Lot # 62489), SeaKem RE (Lot #7344) and 
SeaKem HGT (Lot # 72089) and each was tested at final concentrations of 
0.10, 0.15 and 0.207o. Bacto-Tryptone was included in the media at a 
concentration of 6.0%. 
Results. When the agarose preparations were compared to 0.2% BBL agar, 
similar composite motility rates were observed only when 0.10% SeaKem 
HGT Agarose and 0.15% SeaKem RE Agarose were employed (Figure 2a). The 
composite motility rates in the motility medium prepared with SeaPlaque 
Agarose, however were greater than those observed for the other agarose 
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Fig. 2. Composite motility rates determined with 6 test 
strains of Salmonella in semisolid media prepared with either 0.2% 
BBL Agar or various types and concentrations of agarose. 
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preparations and for the BBL agar. It was noted, though, that the 
medium with the SeaPlaque Agarose never formed a gel, but remained a 
viscous fluid. In addition, a comparison of slopes revealed that there 
was a greater decrease in the composite motility rate in the medium 
prepared with the SeaKem HGT Agarose as the concentrations were in¬ 
creased to 0.20% than in the SeaKem RE and SeaPlaque Agaroses. 
Five different agarose preparations, obtained from Marine Col¬ 
loids, were employed throughout the remaining studies. In order to in¬ 
sure comparable motility rates between agarose preparations, it was 
necessary to determine the proper concentration before use. This stan¬ 
dardization was accomplished by employing motility plates and comparing 
the composite motility rates obtained for various concentrations of the 
new agarose to the composite motility rate for the agarose to be re¬ 
placed (Figures 2b and 2c). 
In the experiment with the SeaPlaque Agarose, high concentra¬ 
tions of the agarose formed a gel through which certain serotypes could 
not move (Table 15). In these cases, the motility of these organisms 
was restricted to the surface of the medium. Interestingly, the motil¬ 
ity rates of S. newport and S. senftenberg increased when restricted to 
the surface. 
Experiment 3B. The motility rates of the 6 test strains of Salmonella 
were ascertained when a motility medium, prepared with 1.5% Bacto- 
Peptone and 0.18% SeaKem CB Agarose, was supplemented with Novobiocin. 
The Novobiocin was added into the medium from a stock solution at levels 
of 0, 5, 10, 15, 20 or 25 |Jg per ml. The stock solution was prepared by 
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TABLE 15. Standardization of the SeaPlaque Agarose with 0.23% SeaKem 
CB Agarose.1 
Serotype 
Percent 
SeaKem 
Agarose 
0.23 0.25 
Percent 
SeaPlaque 
Agarose 
0.30 0.35 0.40 
S. dublin 36.0 35.0 40.0 S S 
S. good 18.5 16.5 28.0 42.0 55.0 
S. lexington 29.0 26.5 37.0 60.0 S 
S. newport 29.5 28.5 36.0 S S 
S. rostock 35.0 28.5 36.0 S S 
S. senftenberg 20.0 18.0 24.0 S S 
^•Motility rate determined by the number of hours required to move 2.5 cm 
S = Surface motility 
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dissolving 50 mg of Novobiocin into 10 ml of 0.1 M Potassium Phosphate 
buffer (pH 7.0) and filter sterilizing the solution with a 0.22 urn 
filter (Millipore). 
Results. The rate of motility of S. lexington was unaffected by the 
Novobiocin supplementation, whereas a slight decrease was noted for S. 
newport and S. senftenberg above 20 pg per ml (Figure 3). A decline in 
the motility rate was observed for S. dub1in at 10 pg per ml, with no 
substantial decrease between 10 and 20 pg per ml. The greatest decrease 
in the rate of motility was noted for S. good with a significant decline 
above 15 pg per ml. In contrast to these serotypes, the motility rate 
of S. rostock increased slightly when the media was supplemented with 
Novobiocin. 
Experiment 4B. The motility rates of the 6 test strains of Salmonella 
were determined in motility media prepared with various peptone pre¬ 
parations. The peptones, which were individually tested at concentra¬ 
tions of either 0.15, 0.30, 0.75, 1.5, 3.0, 4.5, 6.0%, included Bacto- 
Peptone (Lot # 647523), Bacto-Tryptone (Lot #s 512170 and 572975), 
BioCert Peptone (Fisher; Lot # 794139), Thiotone (BBL; Lot G1DILF). 
SeaKem RE Agarose was employed at a concentration of 0.20%. Since these 
assays were not performed at the same time, the motility rates deter¬ 
mined in the different peptone-based motility media are not necessarily 
comparable. 
Results. The composite motility rates for the 6 test strains in Bacto- 
Peptone (Figure 4a), BioCert Peptone (Figure 4b), and Bacto-Tryptone 
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o — o s. dublin 
•—• S. good 
□—□ S. lexington 
■ — ■ S. newport 
A—AS. rostock 
▲—▲ S. senftenberg 
Novobiocin Cone, (ug/ml) 
Fig. 3. Motility rates for S. dublin, S. good, S. lexington, 
S. newport, S. rostock and S. senftenberg in semisolid media prepared 
with either 0, 5, 10, 15, 20 or 25 Mg Per °f Novobiocin. 
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Fig. 4. Composite motility rates determined with 6 test 
strains of Salmonella in semisolid media prepared with either 
a) Bacto-Peptone, b) BioCert Peptone, c) Bacto-Tryptone or d) Neo¬ 
peptone . 
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(Lot # 512170; Figure 4c) increased as the concentrations were increased 
to 3.0%, but remained relatively unchanged at 4.5 and 6.0%. The com¬ 
posite motility rates for Neopeptone (Figure 4d) continued to increase 
as the concentrations were increased to 6.0%. A decrease in the compos¬ 
ite motility rates was noted for Bacto-Tryptone (Lot # 572975; Figure 
5a), Trypticase (Figure 5b), and Thiotone (Figure 5c) at the higher 
concentrations tested. 
Experiment 5B. The rates of motility for the 6 test strains of Salmo¬ 
nella were determined when 8 peptone preparations, 6 of which were 
tested in Experiment 4B, were individually assayed at concentrations of 
1.5, 3.0, 4.5 and 6.0%. The 8 peptones included Bacto-Peptone, Bacto- 
Tryptone (Lot # 512170), Thiotone, Neopeptone, Trypticase, BioCert Pep¬ 
tone, Polypeptone and Proteose Peptone #3. In addition, Bacto-Peptone 
was tested at 1.5, 3.0, 4.5 and 6.0%, but for each concentration, Beef 
Extract was supplemented at 1.0%. The concentration of SeaKem HOT 
Agarose employed in the media was 0.12%. These assays were performed 
simultaneously so that the peptone and concentration which supported the 
most rapid motility for the 6 strains could be ascertained. 
Results. The 6 test strains were first analyzed using the composite 
motility rates. The most rapid motility was observed in 4.5% Bacto- 
Peptone supplemented with 1.0% Beef Extract (Table 16). The motility 
rates in the other peptones were ranked as follows (in decreasing order 
using the highest composite motility rate irrespective of the concentra¬ 
tion of the peptone): Bacto-Peptone at 4.5 and 6.0%, Polypeptone at 
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a) 
Percent Bacto-Trypton* 
(Lot * 572975) 
b) 
i i '—l 
1.5 3.0 4.5 6.0 
Percent Tryptic*** 
Fig. 5. Composite motility rates determined with 6 test 
strains of Salmonella in semisold media prepared with either 
a) Bacto-Tryptone, b) Trypticase or c) Thiotone. 
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TABLE 16. The composite motility rates in 8 different peptone prepara¬ 
tions and in Bacto-Peptone supplemented with 1.0% Beef 
Extract. The composite motility rates which are underscored 
represent the highest motility rates for that particular 
peptone. 
Peptone: 
Bacto-Peptone with 
1.0% Beef Extract 6.12 6.04 6.15 6.04 
Bacto-Peptone 5.79 4.98 6.08 6.05 
Polypeptcre 5.90 5.83 5.78 5.63 
Proteose Peptone --3 5.01 5.45 5.70 5.61 
Bacto-Tryptone 5.42 5.52 5.48 5.51 
Neopeptcne 4.90 5.40 5.50 5.59 
Phiotone 5.47 5.34 5.24 5.00 
BioCert Peptone 4.87 5.00 5.23 5.27 
Trypticase 4.89 5.00 4.76 4.63 
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1.5%; Proteose Peptone #3 at 4.5%; Bacto-Tryptone at 3.0 and 6.0%; Neo¬ 
peptone at 6.0%; Thiotone at 1.5%; BioCert Peptone at 6.0%; and Trypti- 
case at 3.0%. 
Of the peptones which were tested in Experiment 4B, all showed 
similar composite motility plots for concentrations between 1.5 and 6.0% 
(Figure 6). Of the peptones which were not tested in Experiment 4B, the 
composite motility rates in Proteose Peptone #3 increased for concen¬ 
trations above 1.5%. In contrast, the composite motility rates for 
Polypeptone decreased as the concentrations were increased to 6.0%. 
In addition to the analyses of the peptones employing the com¬ 
posite motility rates, the motility rates for the individual test 
strains were also examined. The motility rates of S. good, S. lexington 
and S. senftenberg usually remained unchanged or decreased as the concen¬ 
trations of the peptones were increased (Figures 7-9). There were 
exceptions to this generalization, however. The motility rates of S. 
good and S. senftenberg increased in Neopeptone (Figure 7a) while S. 
good and S. lexington increased in BioCert Peptone (Figure 7b) for 
concentrations to 6.0%. S. rostock generally followed the motility 
pattern of these 3 serotypes with the exception being a marked increase 
in the motility rate of S. rostock in Proteose Peptone #3 (Figure 7c) 
when the other serotypes showed nominal change. 
The motility rate of S. dub1in increased for concentrations 
above 1.5% for Neopeptone (Figure 7a), Proteose Peptone #3 (Figure 7c), 
Bacto-Peptone (Figure 8a), Bacto-Tryptone (Figure 8b) and Trypticase 
(Figure 8c). The motility rates for S. newport did not usually vary as 
dramatically as the other strains for most of the peptones tested. 
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Increases in the motility rates, however, were noted for S. newport in 
BioCert Peptone (Figure 7b), Proteose Peptone #3 (Figure 7c), Bacto- 
Tryptone (Figure 8b), Polypeptone (Figure 9a) and Bacto-Peptone sup¬ 
plemented with 1.0% Beef Extract (Figure 9b) but only at the higher test 
concentrations. 
Thiotone was the only peptone in which the motility rates of all 
strains tested decreased as the concentration of the peptone was in¬ 
creased (Figure 9c). 
Experiment 6B. The rates of motility were determined for the 6 test 
strains of Salmonella in motility media prepared with Beef Extract alone 
or in combination with either 1.5% Bacto-Tryptone (Lot # 512170), Bacto- 
Peptone or BioCert Peptone. The concentrations of Beef Extract tested 
were 0.4, 0.8, 1.0, 2.0 and 4.0%. SeaKem CB Agarose was added to the 
motility media at a final concentration of 0.18%. These assays were 
performed at the same time, therefore, the rates of motility between 
different media preparations was comparable. 
Results. The effect of Beef Extract addition to the motility media was 
first analyzed with composite motility rates. The composite motility 
rates increased considerably when the Beef Extract was supplemented in 
the 3 peptones (Figure 10). The highest rates were observed when only 
2.0% Beef Extract was present in the motility medium and when 1.5% 
BioCert Peptone was supplemented with 2.0% Beef Extract. The composite 
motility rates when Bacto-Tryptone and Bacto-Peptone were supplemented 
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A—▲ Beef Extract (alone) 
A—A BioCert Peptone 
o—o Bacto-Peptone 
•—• Bacto-Tryptone 
i i i i * 
0 12 3 4 
Beef Extract Added (%w/v) 
Fig. 10. Composite motility rates determined with 6 test 
strains of Salmonella in semisolid media prepared either with Beef 
Extract (alone) or with BioCert Peptone, Bacto-Peptone or Bacto-Tryptone 
supplemented with Beef Extract at concentrations of either 0.4, 0.8, 
1.0, 2.0 or 4.0% 
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with Beef Extract were always lower than with Beef Extract (alone) or 
supplemented into BioCert Peptone for concentrations at or above 2.0%. 
When the test strains were individually analyzed, it was ob¬ 
served that the addition of Beef Extract to the peptones had the great¬ 
est stimulatory effect upon the motility rates of S. dub1in and 
S. nevport (Figures 11a, b, c). S. newport was unique when compared to 
the other 5 strains because the motility rate of this organism continued 
to increase when Beef Extract was supplemented at a concentration of 
4.0% whereas the motility rate of the other serotypes either remained 
unchanged or declined. The rate of motility of S. rostock increased 
considerably when Beef Extract was supplemented into the BioCert Peptone 
and Bacto-Peptone, but declined in the supplemented Bacto-Tryptone. The 
rates of motility of S. good, S. lexington and S. senftenberg increased 
with the Beef Extract supplementation, however, these increases were 
generally small in comparison to the other test strains. 
The rates of motility in the media with only Beef Extract were 
high. The motility rate profiles of the 6 strains were similar to those 
observed for the peptones supplemented with Beef Extract (Figure lid). 
Experiment 7B. The composite motility rates were determined in motility 
media prepared with 0.1£% SeaKem CB Agarose, 2.0% Beef Extract and Bio¬ 
Cert Peptone at a concentration of either 0, 1.0, 2.0, 3.0, 4.0, 5.0, or 
6.0%. 
Pes iIts. The highest composite motility rates were recorded in motility 
me':, .n with 2.0% Beef Extract and 1.0% BioCert Peptone ('Figure 12). 
CO
 I CO
 I <0 
72 
Fig. 11. Motility rates of S. dub1in __^ _ _ (o-o), S. good (•— 
. lexington (□—□), S. newport (■-■), S. rostock (a a) and 
senftenberg (a-a) in semisolid, media prepared^either with 
) BioCert Peptone, b) Bacto-Peptone, or c) Bacto-Tryptone 
supplemented with Beef Extract or with d) Beef Extract (alone). 
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BioCert Peptone Added (%w/v) 
(to 2% Beef Extract) 
Fig. 12. Composite motility rates determined with 6 test 
strains of Salmonella in semisolid media prepared with 2.0/, Beef 
Extract and either 0, 1, 2, 3, 4, or 5% BioCert Peptone. 
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When the BioCert Peptone was added into the media above 1.0%, the 
motility rates declined such that the motility rate at 5.0% BioCert 
Peptone was equivalent to that observed for 2.0% Beef Extract alone. 
When 6.0% BioCert Peptone was employed, a steep decline in the 
motility rates was observed. Some strains which required 12-14 h to 
move 2.5 cm in the medium with the 5.0% BioCert Peptone and 2.0% Beef 
Extract, were virtually nonmotile in the 6.0% BioCert Peptone (data not 
shown). 
Experiment 8B. Additional motility studies were initiated for the pur¬ 
pose of determining whether amino acids are important for regulating the 
motility rate of Salmonella. The previous experiments indicated that 
the strain of S. dub1in and S. newport might be slowly motile because of 
a deficiency of critical nutrient(s) since the motility rates of these 
organisms generally increased with higher concentrations of the pep¬ 
tones. Paradoxically, the motility rates of the other four strains 
usually decreased as the peptone concentrations were increased. Since 
the amino acid concentrations of different peptone preparations vary 
considerably (see Experiment 13B), it was necessary to determine the 
importance of the amino acids in regulating the rate of motility. 
These studies were undertaken employing 24 amino acids commonly 
found in plant and animal proteins. The assays were performed by sup¬ 
plementing individual amino acids into a basal motility medium contain¬ 
ing 1.5% Bacto-Peptone (Difco Lot # 647523) and 0.18% SeaKem CB Agarose. 
In most cases, four concentrations of amino acids were studied generally 
_l _4 
ranging between 10 and 10 M. The highest concentrations tested 
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usually approached the solubility limit for that amino acid. For each 
assay, a control was employed which contained no supplemented amino 
acid. 
In preparation of the supplemented motility media, the Bacto- 
Peptone and the amino acid were dissolved in distilled water, the solu¬ 
tion was adjusted to pH 7.1 and SeaKem CB Agarose was added to a final 
concentration of 0.18%. A solution of this particular lot of Bacto- 
Peptone, without amino acid addition, was pH 6.85. 
The results were determined for each serotype as a percent in¬ 
crease or decrease of the control motility rate. This was calculated 
using the following equation: 
Percent Increase/Decrease 
Test Motility Rate 
^ Control Motility Rate 
x 100 ) - 100 
Because of the innate experimental variabilities and the lack of repli¬ 
cate measurements, the criterion used for establishing whether there was 
a significant increase or decrease in the motility rate was quite strin¬ 
gent. Only those amino acids which resulted in greater than 10% in¬ 
crease or decrease in the control motility rate were considered to be 
significant. 
The amino acids which were supplemented into the basal motility 
.1 -2 -3 -4 
medium at concentrations of 10 ,10 , 10 and 10 M included: 
L-Alanine (Eastman-Lot i\ A98), L-Arginine (Sigma-Lot // 98C-0300J, 
L-Asparagine (Eastman-Lot i\ A939). L-Aspartic Acid (Sigma-Lot // 67B- 
0620), L-Citrulline (Sigma Lot // 74B-1230), L-Glutamine (Eastman-Lot 
77 
# A034), Glycine (NBC-Lot # 6469), L-Histidine HC1 (Eastman-Lot # A5C), 
Isoleucine (Eastman-Lot y/ A7B), L-Leucine (Eastman-Lot // B9A), L-Lysine 
HC1 (Fisher-Lot # 782754), L-Methionine (Sigma-Lot # 107B-2360), 
L-Ornithine HC1 (Eastman-Lot // A9A) , L-Phenylalanine (Eastman-Lot // 
A9A), L-Proline (Eastman-Lot // A9C), L-Serine (Eastman-Lot y/ A8D) and 
L-Threonine (Sigma-Lot y/ 88C-0198). The amino acids which were studied 
at other concentrations included: L-Cysteine HC1 (NBC-Lot y/ 7176), which 
_ l _ 2 _ 3 _4 
precipitated at 10 M, was studied at 10 , 10 and 10 M, L-Cystine 
_ 3 _ 4 _ 5 
(NBC-Lot y/ 7489) and L-Tyrosine (NBC-Lot y/ 6262) at 10 ,10 , 10 and 
_ 6 
10 M, L-Glutamic Acid HC1 (Eastman Lot y/ B7D) and L-Tryptophane (NBC- 
_ 2 _ 3 _ 4 _ 5 
Lot y/ 4154) at 10 ,10 , 10 and 10 M, O-Phospho-L-Serine (Sigma-Lot 
_ 2 _2 _ 3 
y/ 25C-0264) at 10 , 5 x 10 , and 10 M and L-Valine (Sigma-Lot y/ 
2 2 3 4 
108C-0119) at 4 X 10“ , 10" , l(f and 10" M. 
Results. The amino acids which were found to have no effect, increased 
or decreased the motility rates for each serotype are listed in Tables 
17-22. No amino acid was identified which had a significant effect 
_ 2 
upon the rate of motility when tested at concentrations below 10 M. 
No one amino acid was found to increase the motility rates of 
all the test strains. In addition, no two strains were determined to be 
stimulated by the same amino acids. However, of the group of 6 amino 
acids which increased the motility rate of S. dublin, each of these in¬ 
creased the rate of motility of at least 2 other strains. In addition, 
at least 4 amino acids were identified which increased the motility of 
the more slowly motile serotypes; S. dublin (L-Citrulline, L-Cysteine, 
L-Glutamine, L-Lysine, L-Ornithine and L-Threonine); S. newport 
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(L-Citrulline, L-Cysteine, L-Glutamine, L-Lysine, and L-Threonine); and 
S. rostock (L-Citrulline, L-Cysteine, L-Glutamine and L-Lysine). In 
contrast, 3 or fewer amino acids stimulated the more rapidly motile 
serotypes; S. good (L-Lysine, L-Ornithine and L-Threonine)5 S. lexington 
(L-Lysine and L-Ornithine) and S. senftenberg (L-Citrulline and 
L-Ornithine). 
L-Serine was the only amino acid which decreased the motility 
rates of all of the strains tested. The other amino acids which de¬ 
creased the motility rates of some of the strains included Glycine (S. 
dub1in, S. lexington and S. newport), L-Phenylalanine (S. good, S. 
lexington, S. newport and S. rostock), L-Isoleucine (S. newport and S. 
rostock) and L-Arginine (S. dub1in and S. rostock). In addition to the 
amino acids mentioned for S. rostock, L-Alanine, L-Glutamine, L-Leucine 
and L-Phosphoserine also caused a decrease in the rate of motility. 
Experiment 9B. Growth curves were determined spectrophotometrically for 
the test strains of Salmonella in 1.5% Bacto-Peptone and in 1.54 Bacto- 
Peptone supplemented with those amino acids which resulted in a 10/, in 
crease or decrease in the motility rate as determined in Experiment 8B. 
The assays were performed by individually supplementing the amino acids 
into the Bacto-Peptone at the concentration(s) which resulted in the 10/o 
change in the motility rate. The control and the supplemented media 
were adjusted to pH 7.1 and 7 ml was dispensed into 13 x 100 mm cuvets 
(Bauch and Lomb). The cuvets were loosely plugged with #00 rubber 
stoppers and sterilized at 121°C for 15 min. Replicate cuvets were as 
sayed for each test concentration. 
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The cuvets were inoculated by diluting the refrigerated BHI 
cultures of Salmonella 1:100 and adding 0.1 ml into each tube. The 
cuvets were incubated statically at 35°C and turbidity measurements were 
made using a Spectronic 20 (Bausch and Lomb) at 490 nm. The optical 
density was determined by calculating the mean absorbance of the repli¬ 
cate tubes. 
Results. Comparisons were made between the motility and growth curves 
for the 6 strains of Salmonella in 1.5% Bacto-Peptone supplemented with 
those amino acids which resulted in at least a 10% change in the rate of 
motility as determined in Experiment 8B. A change in the growth rate 
was defined as any change in absorbance during the lag and/or exponen¬ 
tial growth phases. These comparisons suggested a direct correlation 
between growth rates and motility rates for most amino acids. Graphical 
comparisons between the motility and growth curves are presented for 
selected amino acids. These are referenced in Table 23. 
Notable exceptions to the above generalization concerning the 
direct correlation between growth and motility rates were apparent. 
_2 
L-Cyteine at 10 M was observed to increase the motility rates of S. 
dub1in, S. newport and S. rostock in the motility plates. However, a 
decrease in the growth rates of the serotypes was noted. The L-Serine 
supplementation resulted in the decline in the motility rates but a 
significant increase in the growth rates. The motility rate of S. 
_ l 
newport was reduced with supplementation of 10 M L-Phenylalanine and 
L-Isoleucine without a concomitant decrease in the growth rate. A 
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a) L-Citrulline 
o—o10-1 M 
•—-lO”2 M 
S. dublin 
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o> 
o 
b) Glycine 
S. dublin 
Fig. 13. Motility curve (left side) and growth curves (right 
side) for S. dublin in media prepared with 1.5% Bacto-Peptone and either 
a) L-Citrulline or b) Glycine. 
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L-Cystetne 
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L-Cyateine Added (M) 
Fig. 14. Motility curve (left side) and growth curves (right 
side) for a) S. dubiin and b) S. newport in media prepared with 1.5% 
Bacto-Peptone and L-Cysteine. 
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Fig. 15. Motility curve (left side) and growth curves 
(right side) for a) S. dub1in, b) S. good and c) S. lexington 
in media prepared with 1.5% Bacto-Peptone and L-Serine. 
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Fig. 16. Motility curve (left side) and growth curves 
(right side) for a) S. newport, b) S. rostock and c) S. senftenberg 
in media prepared with 1.5% Bacto-Peptone and L-Serine. 
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o — o 10-1 M 
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•—• Control 
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Fig. 17. Motility curve (left side) and growth curves (right 
side) for a) S. good, b) S. lexington, c) S. newport and d) 
S. senftenberg in media prepared with 1.5% Bacto-Peptone and 
L-Phenylalanine. 
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L-Glutamine 
a) S. newport 
L-<31utamJne Added (M) Hrs. of Incubation 
o—o10_1 M 
• —-lO-2 M 
•—• Control 
b) S. rostock 
L-Glutamlne Added (M) Hrs. of Incubation 
Fig. 18. Motility curve (left side) and growth curves (right 
side) for a) S. newport and b) S. rostock in media prepared with 1.5% 
Bacto-Peptone and L-Glutamine. 
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O—oio 1 M 
L-lsoleucine 
■—• 10 2 M 
•—• Control 
a) S. newport 
LHsoleucIne Added (M) Hrs. of Incubation 
b) S. rostock 
Fig. 19. Motility curve (left side) and growth curves (right 
side) for a) S. newport and b) S. rostock in media prepared with 1.5% 
Bacto-Peptone and L-Isoleucine. 
100 
similar pattern was observed for S. rostock with supplementation of 10 
-2 _i _ 2 
and 10 M Isoleucine, 10 M L-Glutamine and 10 M L-Alanine. 
Experiment 10B. Motility rates were determined for the six test strains 
of Salmonella when L-Citrulline was added into 1.5% Bacto-Peptone, Beef 
_ 4 
Extract, Bacto-Tryptone and BioCert Peptone at concentrations of 10 , 
3 2 
10" and 10" M. 
Results. L-Citrulline was found to increase the composite motility 
_ 2 
rates when supplemented at a concentration of 10 M into BioCert Peptone 
and Bacto-Peptone (Figure 20). Examination of the motility rates of the 
individual serotypes revealed that the increases in the composite motil¬ 
ity rates in these 2 peptones were due mainly to increases in the motil¬ 
ity rates of S. dub1in and S. newport (data not shown). The motility 
rate of S. rostock increased when L-Citrulline was supplemented into 
BioCert Peptone. No increase in the motility rate for this serotype, 
however, was noted in Bacto-Peptone. 
The composite motility rates remained unchanged with the addi¬ 
tion of L-Citrulline into Bacto-Tryptone and decreased slightly with 
supplementation into Beef Extract. In both peptones, the motility rate 
of S. dub1in increased. This increase was offset, though, by a de¬ 
creased motility rate of S. good. 
_ 2 
The addition of L-Citrulline at a concentration of 10 M gener¬ 
ally had little effect upon the motility rates of S. lexington and S. 
senftenberg in the peptones tested. 
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o—o Beef Extract 
A—A Bacto-Peptone 
▲—A Bacto-Tryptone 
• — • BioCert Peptone 
L-Crtnilline Added (M) 
Fig. 20. Composite motility rates determined with 6 test 
strains of Salmonella in semisolid media prepared with either 1.5/4 
Beef Extract, Bacto-Peptone, Bacto-Tryptone or BioCert Peptone and 
_ 4 _ 3 _ 2 
supplemented with either 10 , 10 or 10 M L-Citrulline. 
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Experiment 11B. Motility rates were determined for the six test sero¬ 
types when L-Serine was supplemented into 1.5% Bacto-Peptone, Beef 
_ 4 
Extract, Bacto-Tryptone and BioCert Peptone at concentrations of 10 , 
3 2 1 
10“ , 10" and 10" M. 
Results. The motility of S. dub1in increased slightly when L-Serine was 
.3 
supplemented into BioCert Peptone at 10 M and into Bacto-Tryptone and 
_2 _ 3 
Bacto-Peptone at 10 and 10 M (Figure 21a). In contrast, a decrease 
in the motility rate of this serotype was observed for all concentra¬ 
tions of L-Serine supplemented into Beef Extract. 
An increase in the motility of S. newport was noted when 
_ 3 _ 4 
L-Serine was added into Beef Extract at 10 and 10 M (Figure 21d). A 
-l _ 2 
sharp decrease, however, was observed with the 10 and 10 M supple¬ 
mentation. Very small decreases in the motility rates were demonstrated 
when L-Serine was added into Bacto-Tryptone, Bacto-Peptone and BioCert 
Peptone. 
The motility rates of S. good, S. lexington, S. rostock and S. 
_ 4 
senftenberg decreased for concentrations of L-Serine above 10 M ir¬ 
respective of the peptone employed (Figures 21b, c, e, f). 
_ l 
The motility of all the serotypes was slowest when 10 M 
L-Serine was added into the medium. 
Experiment 12B. Polar amino acids (Glycine, L-Serine, L-Threonine, and 
L-Cysteine) or nonpolar amino acids (L-Alanine, L-Isoleucine, 
L-Histidine, L-Leucine, L-Phenylalanine and L-Tryptophane) were supple¬ 
mented into the motility medium for the purpose of determining whether 
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Fig. 21. Motility rates of a) S. dub1in, b) S. good, 
c) S. lexington, (d) S. newport, e) S. rostock and 
f) S. senftenberg- in semisolid media prepared with either 
Beef Extract (•—•) , Bacto-Tryptone (■-■) , Bacto-Peptone 
(□-□) or BioCert Peptone (o-o) and supplemented with 
L-Serine. 
S
. 
du
bl
ln
 
S
. 
g
o
o
d
 
S
.l
ex
in
g
to
n
 
104 
(001 X C«JH)*UII1/1)OOT (001 X C«JH)8UJ|1/I)0oi 
□ O 
o o o o o o o 
« W ^ O ® « N 
*-*-^-^000 
(001 X C«JH)«uiii/i)0oi 
* 
8 
« 
o 
w 
CO 
(001 X (••JH)®u»ll/l)0oT 
(001 X (••JH)«u<li/l)flon (ooi x (••JH)»wu/i)0<n 
105 
motility rates would vary inordinately due to interactions between the 
amino acids when added as a group. The polar and nonpolar groups were 
_ 3 
tested with each amino acid at a final concentration of either 10 , 
_ 2 _2 
5 x 10 or 10 M. 
Results. Only nominal changes in the motility rates of the serotypes 
were noted when the nonpolar amino acids were added as a group into the 
motility medium (Figures 21a, b, c, d, e, f). Based upon these results, 
it was concluded that the nonpolar amino acids do not significantly 
affect motility when they are added together. Also, the results as a 
group were similar to those obtained for the individual amino acids in 
Experiment 9B. 
The motility rates with the polar amino acid supplementations, 
however, varied considerably. The motility rates of S. dub1in increased 
slightly with polar amino acid supplementations at concentrations of 
-2 _ 3 
10 and 5 x 10 M (Figure 21a). Similarly, the motility rate of S. 
newport increased when the polar amino acids were added at concentra- 
_ 3 
tions of 10 M (Figure 21d). In contrast, the rates of S. good, S. 
lexington, S. rostock and S. senftenberg decreased for all concentra- 
_3 
tions above 10 M (Figure 21b, c, e, f). A comparison of the results 
obtained for L-Serine in Experiment 9B and for the polar amino acids 
revealed that the pattern for the polar amino acids closely followed 
that observed for L-Serine. 
Experiment 13B. Subsequent to the amino acid supplementation studies, 
amino acid analyses were carried out on 9 of the peptones tested in 
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Fig. 22. Motility rates for a) S. dub1in, b) S. good, 
c) S. lexington, d) S. newport, e) S. rostock and f) S. senftenberg 
in semisolid media prepared with 1.5% Bacto-Peptone and supplemented 
with either polar (P) or nonpolar (NP) amino acids. The polar amino 
acids included Glycine, L-Serine, L-Threonine, and L-Cysteine. The 
nonpolar amino acids included L-Alanine, L-Isoleucine, L-Histidine, 
L-Leucine, L-Phenylalanine and L-Tryptophane. 
a)
 
S
. 
du
bl
in
 
b
) 
S
. 
g
o
o
d
 
S
. 
le
x
in
g
to
n
 
107 
(OOl X C*JH)ewU./t)6<n (001 X ( e-iH)oui(i/t)0on 
(001 X ( S^H)01U(1/I)6on (001 X ('SJH)®^!/!)80! 
108 
Experiment 5B. These peptones included BioCert Peptone, Bacto-Tryptone 
(Lot # 512170), Polypeptone, Bacto-Peptone, Neopeptone, Thiotone, 
Trypticase, Proteose Peptone #3, and Beef Extract. These analyses were 
performed by Dr. Mokhtar T. Atalloh, Department of Food Science and 
Nutrition, Chenoweth Hall, University of Massachusetts, Amherst, employ¬ 
ing a Beckman 120C Amino Acid Analyzer. 
One percent peptone solutions were autoclaved at 121°C for 15 
min before analysis. Separation of acidic and neutral amino acids were 
effected employing Aminex A-4 (BioRad) resin whereas basic amino acid 
separations were accomplished with Aminex A-5 (BioRad) resin. The 
buffer system for the acidic and neutral amino acids was Lithium 
Citrate. Sodium Citrate buffer was employed for the basic amino acids. 
Separated amino acids were reacted with Ninhydrin and absorbance 
values were measured at 440 and 670 nm. Peak areas were calculated for 
each amino acid and compared with standard amino acids (0.1 pinole per ml 
of standard). Only concentrations greater than 5 pmole per gram of pep¬ 
tone were recorded and concentrations below this value were considered 
not detectable. 
Since the peptone solutions were not chemically treated for the 
purpose of complete hydrolysis before analysis only the free amino acid 
concentrations in the autoclaved peptone solutions were determined. 
Those amino acids sequestered in peptide chains were not measured. 
Results. The concentrations of 20 naturally-occurring amino acids for 
9, 1.0% autoclaved peptone solutions are listed in Table 24 with the 
rare amino acids of proteins and other protein-associated non-amino acid 
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compounds listed in Table 25. These data revealed a great variance in 
the amino acid compositions of the various peptone solutions. When the 
peptones were scanned and ranked according to amino acid concentrations, 
Bacto-Tryptone was found to have the highest levels of most of the amino 
acids, followed by (in decreasing order): Polypeptone, Thiotone, Pro¬ 
teose Peptone #3, Bacto-Peptone, Neopeptone, BioCert Peptone, and Beef 
Extract. Bacto-Trypticase contained low levels of many amino acids 
(especially the polar amino acids) but high levels of the nonpolar 
(hydrophobic) amino acids, i.e., Leucine, Phenylalanine and Tryptophane 
and certain basic amino acids, i.e., Arginine and Lysine. Additionally, 
Bacto-Trypticase was high in Phosphoserine. 
From the results generated in Experiments 8B and 9B, L-Serine 
appeared to be important for enhancing growth, while depressing the motil¬ 
ity of the 6 test strains. When the 9 peptones were ranked according to 
Serine levels, Bacto-Tryptone (195 pinole per gram) was again first, 
followed by Polypeptone (105), Thiotone (100), Proteose Peptone #3 (50), 
Bacto-Peptone (40), Neopeptone (25), BioCert Peptone (20), Trypticase 
(20) and Beef Extract (15). 
Experiment 14B. In preparation for final MIF testing, the MIF unit was 
modified to facilitate inoculation. One of the 2 bottom ports was 
plugged with a vacutainer stopper while the other port was plugged with 
a modified stopper employed for the purpose of allowing direct inocula¬ 
tion. The top port was again plugged with a cotton stopper. The modi¬ 
fied unit was sterilized and then aseptically filled with sterile, 
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tempered, molten motility medium to a level about 2-3 cm from the top of 
the neck of the MIF. 
The modified stopper was constructed employing 3 autoclave- 
resistant micropipet tips (Markson). The stopper was prepared by boring 
a small hole into the center of a vacutainer stopper and then pushing 
the acuate end of one micropipet tip through the hole such that the base 
of the pipet tip rested flush against the top of the stopper (Figure 
23a). The exposed pointed tip was then sheared off just below the 
bottom of the vacuutainer stopper. This truncated micropipet tip acted 
as a sleeve through the vacuutainer stopper. The sleeved stopper was 
then fitted tightly into one of the bottom ports of the MIF (Figure 23b). 
A second micropipet tip, identical in size to the micropipet tip 
which functioned as the stopper sleeve, was sealed at its pointed tip 
with heat and crimping. The sealed tip was coated with silicone stop¬ 
cock grease (Dow Corning) and fitted tightly into the sleeve of the 
stopper. The third micropipet tip was sheared in half and its base was 
capped tightly with a rubber cap. This capped pipet tip was also coated 
with silicone grease and fitted firmly into the base end of the sealed 
micropipet tip. These series of interfitting micropipettor tips pushed 
into a vacutainer stopper constituted the modified plug for one of the 
bottom ports. 
For inoculation purposes, the MIF was tipped approximately 45° 
such that the modified stopper was pointing upward (Figure 22c). The 
sealed micropipet tip was then removed, the capped micropipet tip was 
pulled from the sealed micropipet base and the sealed micropipet was 
discarded. The sealed micropipet acted as a gel displacer and when 
114 
a. Vacutainer Stopper with Pipet Sleeve 
b. Modified Stopper Assembly 
Fig. 23. Construction of modified stopper and inoculation of the MIF. 
c. MIF Inoculation Through Modified Port 
Fig. 23. (continued) 
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removed approximately 0.3 ml of enrichment broth could be added through 
the stopper sleeve into the MIF. The capped micropipet was fitted 
firmly into the sleeve for the purpose of containing the inoculum and 
motility media within the MIF. The unit was replaced in the upright 
position and antisera was added through the top port to the exposed 
surface of the motility medium. The second port on the bottom of the 
MIF was permanently sealed and no longer utilized (Figure 23d). 
The modified MIF technique was compared to the cultural and 
fluorescent antibody procedures for recovery of Salmonella spp. from 
chicken litter and chicken liver samples. The chicken litter samples 
were obtained from Dr. Glenn Snoeyenbos, Department of Veterinary and 
Animal Sciences, Paige Laboratory, University of Massachusetts, Amherst. 
These samples were collected from chickens which had been orally in¬ 
fected with S. infantis. 
Forty-three of the 57 chicken litter samples were analyzed 
culturally by the personnel of Paige Laboratory using a methodology 
which employed Tetrathionate-Brilliant Green Broth (TETBG) as the 
primary enrichment medium with a 34-36 h incubation at 43°C. Brilliant 
Green Agar plates were then streaked for isolation and incubated at 37°C 
for 24 h. Typical colonies were subsequently confirmed as Salmonella by 
inoculating into TSI slants and incubating for 24 h at 37°C. Those 
slants showing typical reactions were serotyped with 0 and H antisera. 
The other chicken litter samples and the chicken liver samples, 
purchased from a local grocery store, were assayed for Salmonella by a 
modification of the cultural procedure outlined in the Bacteriological 
Analytical Manual (21) and by the fluorescent antibody described in the 
117 
Official Methods of Analysis (6). Briefly, the modified cultural pro¬ 
cedure employed Selenite Cystine (SC) and TETBG Broths as primary en¬ 
richment media with 24 h incubation at 35°C. Brilliant Green, SS and 
Bismuth Sulfite Agar plates were then streaked for isolation from each 
enrichment medium. The plates were incubated at 35°C for 24 ± 2 h. At 
least 2 typical colonies were picked from each plate and subcultured 
into TSI and LIA slants for 24 h at 35°C. When no typical colonies were 
apparent, the plates were reincubated for an additional 24 h and re¬ 
examined. If typical Salmonella reactions were observed in the TSI and 
LIA slants, confirmatory tests were performed. The confirmation pro¬ 
ceeded sequentially by first testing the pure cultures in Urea Broth for 
24 h at 35°C. All urease positive cultures were discarded. Urease 
negative cultures were serologically tested using a 0 slide agglutina¬ 
tion assay employing Salmonella Polyvalent 0 Antisera. Additionally, 
the cultures were inoculated into BHI Broth and grown overnight at 35°C 
for the purpose of performing H agglutination reactions. These tests 
were carried out on formalinized cultures in Wasserman tubes at 50°C 
employing Salmonella Polyvalent H Antisera. 
The fluorescent antibody procedure involved a selective enrich¬ 
ment in SC and TETBG Broths for 18-24 h, post-enrichment in SC Broth for 
4 h followed by direct FA staining with Salmonella Conjugated OH Anti¬ 
sera (Clincal Sciences). 
The MIFs were inoculated with 0.3 ml of the primary enrichment. 
In the case of the chicken litter samples analyzed by the personnel of 
Paige Laboratory, the MIFs were inoculated after 48 h of incubation of 
the TETBG Broths. With the chicken liver samples and the other chicken 
118 
litter samples, the MIFs were inoculated with either the SC or TETBG 
enrichment broths after 8 h of incubation at 35°C. The motility medium 
employed in the MIFs contained 2.0% Beef Extract, 1.0% BioCert Peptone 
and 0.24% SeaKem-CB Agarose. 
When pure cultures of Salmonella were tested with the modified 
motility medium, it was found that the bacteria could not be immobilized 
with the concentration of antisera originally employed. As a result, 
higher concentrations of antisera were necessary. However, with the 
higher antisera concentrations, pseudo-immobilization bands were ap¬ 
parent when certain competitive bacteria were tested because of the 
Merthiolate which is used as a preservative in the antiserum preparation. 
To eliminate the pseudo-immobilization bands and neutralize the Merthio¬ 
late, Sodium Thioglycollate (Difco) was employed. For the remaining MIF 
studies, the polyvalent H antisera was diluted 1:2 with 0.1 M Sodium 
Thioglycollate and 30 ul was dispensed into each unit. 
Results. The direct inoculation of the MIFs with the primary enrichment 
medium through the modified port resulted in approximately 94 and 92% 
agreement with the culture and FA procedures, respectively (Table 26). 
The agreement between culture and FA was about 93%. 
The overall agreement between the cultural, FA and MIF techni¬ 
ques was about 91%. Of the 13 results which were in disagreement, 3 
were culture positive, but negative with FA and MIF; 4 were culture and 
FA positive but MIF negative; 3 were FA positive but culture and MIF 
negative; 1 was FA and MIF positive, but culture negative; and 2 were 
culture and MIF positive, but FA negative. There were no false positive 
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reactions when the MIF was compared to both the FA and culture 
(MIF+/C-/FA-), however, the false negative rate (MIF-/C+/FA+) was ap¬ 
proximately 2.8%. 
Three negative MIFs which were inoculated with chicken liver 
samples and were positive by culture and FA, were analyzed for the 
purpose of determining which motile nonsalmonellae had moved through the 
MIF media possibly blocking the migration of Salmonella. These assays 
were performed by removing a loopful of motility medium from the anti¬ 
sera port of the MIF and streaking for isolation on EMB plates. When 
selected colonies were tested using API 20E diagnostic strips, 
E. cloacae, E. coli, E. aerogenes and C. freundii were identified. 
Experiment 15B. Motility assays were again performed, however, non¬ 
salmonellae organisms were tested. The purpose of this experiment was 
to determine whether the motility of the competitive organisms could be 
inhibited by the addition of high levels of L-Serine, as had been ob¬ 
served with the 6 strains of Salmonella studied. The assays were per- 
_i 
formed with 1.5% Bacto-Peptone alone (control) and with 10 M L-Serine 
supplemented into the Bacto-Peptone. SeaPlaque Agarose was added at a 
final concentration of 0.24%. 
Results. Considerable inhibition of motility was noted for all non¬ 
salmonellae organisms, with the exception of P. vulgaris (Table 27). In 
most cases the motility rate was reduced at least 50% when compared to 
the control plates. 
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TABLE 27. Motility rates of selected nonsalmonellae. 
Organism 
_i 
Strain # Control 10 M L-Serine 
(No Serine) Supplementation 
. aerogenes #34 22.0 48.0 
. aerogenes #35 10.0 35.0 
. agglomerans #7 A 15.0 35.0 
. cloacae #58 9.0 17.5 
. cloacae #78 9.5 24.0 
. hafniae #92 8.0 23.0 
. sakazaki #16 6.5 23.0 
. freundii #43 10.0 16.5 
. freundii #8 9.0 23.0 
. alvei — 9.0 15.5 
. alvei - 10.0 22.0 
. vulgaris - 27.0 23.0 
. liquifaciens #6B 8.0 24.0 
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Experiment 16B. The MIF technique was again modified. One modification 
involved the use of a secondary enrichment for the purpose of promoting 
the selective migration of Salmonella. The secondary enrichment was 
accomplished within the MIF by supplementing fresh Tetrathionate Broth 
_ l 
with 10 M L-Serine. The procedure involved the addition of 250 yl of 
_i 
fresh Tetrathionate Broth plus 10 M L-Serine, through the open (modi¬ 
fied) inoculum port into the MIF, followed by the addition of 50 \il of 
the primary enrichment. 
The MIFs were prepared using 1.5% Polypeptone and 0.24% Sea- 
Plaque Agarose. The Polypeptone was substituted for the 2.0% Beef 
Extract and 1.0% BioCert Peptone which were employed in Experiment 14B. 
The reason for the substitution was that the Beef Extract-BioCert 
Peptone based motility medium was quite dark and occasionally the immob¬ 
ilization bands were difficult to discern. The Polypeptone at 1.5% 
provided a very clear medium. 
The Serine supplemented Tetrathionate Broth was prepared by add- 
_i 
ing 10 M L-Serine into the Tetrathionate Broth, placing the medium in 
flowing steam for 30 minutes, cooling to 50°C and adding the iodine 
solution according to the manufacturer's specifications. 
The efficaciousness of the L-Serine supplemented Tetrathionate 
Broth was determined by comparing the recovery of S. typhimurium from 
146 chick cloacal swab samples obtained from Paige Laboratory, Univer¬ 
sity of Massachusetts, Amherst, using the MIF and cultural procedures. 
The cloacal swabs were collected from chicks orally infected with Nali¬ 
dixic Acid (100 ppm) resistant S. typhimurium. The S. typhimurium were 
recovered culturally by the personnel of the Paige Laboratory using the 
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procedure delineated in Experiment 14B. Approximately one half of the 
MIFs were inoculated after 8 h from the primary TETBG Broth incubated at 
43°C while the others were inoculated after 48 h at 43°C. 
Results. Of the 146 cloacal swab samples tested, the MIF and cultural 
methodologies were in disagreement in only 2 cases and both were from 
samples incubated for 8 h (Table 28). The MIF which was positive when 
culture was negative was examined for the presence of Salmonella by re¬ 
moving 1 ml of motility medium from the antisera port, adding it to 9 ml 
of TETBG Broth and incubating at 35°C for 24 h. A Brilliant Green Agar 
plate was then streaked for isolation and incubated at 35°C for 24 h. 
No typical Salmonella colonies were observed, but a Citrobacter sp. was 
identified using an API diagnostic strip. 
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CHAPTER I V 
DISCUSSION 
Preliminary studies investigated the usefulness of antibody 
immobilization for indicating the presence of Salmonella spp. in a mixed 
population of motile bacteria. Mohit (47) originally reported on the 
immobilization of Salmonella with type-specific flagellar antibodies and 
suggested that it might be useful for serotyping. In these experiments, 
flagellar antibodies were spotted onto the surface of a nonselective 
motility medium at the periphery of a Petri dish, while Salmonella were 
inoculated at the center. With incubation, the motile Salmonella moved 
to the edge of the plate, eventually interacted with the diffused anti¬ 
bodies and became immobilized into a distinct and opaque band. Mohit 
postulated that the Salmonella were immobilized because the flagella 
became ladened with antibody such that they could no longer propel the 
organism. One disadvantage of the assay was that the immobilization 
bands which were formed were not permanent so that the motility plates 
had to be constantly monitored to interpret the results. Also, since 
the motility medium was prepared with a low level of agar, handling of 
the Petri dishes was difficult and hazardous. 
Later, Mohit et al. (48) and Swaminathan et al. (61) investi¬ 
gated the usefulness of a detection procedure performed in a Petri dish 
which employed selective motility media to promote the preferential 
migration of Salmonella and depended upon immobilization with polyvalent 
H antisera to indicate its presence. These detection systems showed 
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promise, however, they suffered from the same operational difficulties 
inherent in the serotyping system of Mohit. Also, the immobilization 
bands which formed in the selective motility medium were occasionally 
hard to discern making interpretation of the plates difficult (43). 
It was postulated that the reason Salmonella could not be per¬ 
manently immobilized in the Petri dishes was that the concentration of 
antibody spotted onto the plates was too low and that radial diffusion 
decreased the number of molecules per unit area of motility medium. It 
was suspected that the immobilization band would be permanently formed 
if the reaction were performed in a small bore tube which would act to 
confine the antibody and make the diffusion of the antibody essentially 
unidirectional. 
The original studies revealed that the immobilization of Sal¬ 
monella was permanent in the Wasserman tubes and that the bands which 
were formed were well-defined and easily discernible. In addition, the 
Wasserman tubes were found to be especially useful for performing the 
immobilization assays since they were convenient and safe to handle. 
Also, the motile nonsalmonellae which were tested continued to move 
through the diffused antibodies and into the antisera overlay. Based 
upon these characteristics, it was concluded that the immobilization 
reaction performed in a small bore tube was useful for indicating the 
presence of Salmonella in motility media. 
The initial experiments with selective motility media revealed 
that Salmonella were only detected in a mixed population of motile, 
enteric bacteria when a nonselective motility medium (ssTRYP) was used 
in the motility layer and a selective motility medium (ssSEL) was 
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employed in the inoculum layer. Interestingly, when selective or 
nonselective motility media were employed in both the motility and in¬ 
oculum layers, Salmonella were not detected from the mixed population. 
These data suggested that some selectivity was necessary when Salmonella 
were to be identified from mixed populations. Apparently, the preferen¬ 
tial migration of Salmonella was most effectively promoted when the mixed 
culture was added directly into a selective medium and not when selec¬ 
tive agents were present in the motility medium. 
When the selective properties of the motility system were tested 
with pure cultures of Salmonella spp. , E. coli, P. vulgaris and C. 
freundii, it was determined that Salmonella, E. coli and C. freundii 
were motile but only the Salmonella were immobilized. When competition 
studies were performed with mixed cultures of motile nonsalmonellae 
(including C. freundii and E. coli) and S. typhimurium, it was deter¬ 
mined that Salmonella were often not detected if the ratio of nonsal¬ 
monellae to salmonellae was greater than 10 to 1. This indicated that 
the presence of Salmonella could be masked if the levels of the back¬ 
ground organisms were high. 
Modifications were made in the motility procedure preliminarily 
studied in an effort to reduce the number of motile nonsalmonellae 
moving into the ssTRYP and increase the probability of detecting Salmo¬ 
nella in a mixed population of motile bacteria. The first modification 
was the use of a seraisolid Tetrathionate (ssTET) medium as the inoculum 
layer medium. The ssTET was employed for the following reasons: 
(1) Tetrathionate Broth is very efficient at depressing the 
levels of most motile, enteric, competitive bacteria. 
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(2) Tetrathionate Broth is used regularly as a primary en¬ 
riching medium; therefore, when transfer is made from the Tetrathionate 
Broth to the ssTET no reacclimation to a new medium is necessary. 
It was anticipated that the ssTET would serve as a secondary 
enrichment for Salmonella in the inoculum layer. The advantages of 
secondary or post-enrichment before cultural isolation of Salmonella has 
been espoused by a number of investigators (34, 40, 67). The fluor¬ 
escent antibody procedure promulgated by the AOAC (6) calls for a post¬ 
enrichment in Selenite Cystine Broth for 4 h before preparation of the 
fluorescent antibody slides. Secondary enrichment is known to be bene¬ 
ficial when the primary enrichment is compromised by the introduced 
sample. This is especially true when food or other organic materials 
neutralize the selective agent(s) in the primary enrichment medium. As 
a result, the secondary enrichment can be useful for improving the 
nonsalmonellae to salmonellae ratio before attempts are made to identify 
Salmonella. For this reason, it was hypothesized that the preferential 
movement of Salmonella spp. into a nonselective motility medium could be 
indirectly accomplished with the addition of the primary enrichment into 
the fresh ssTET. 
A semisolid Selenite Cystine was tested as the inoculum layer 
medium; however, Selenite Cystine Broth contains lactose and gas pro¬ 
duced by the coliform and other lactose-fermenting organisms in the 
inoculum layer disrupted the overlaid ssTRYP medium. Conceivably, a 
semisolid Selenite Cystine medium without carbohydrate could have been 
prepared. However, it was decided that ssTET (which is carbohydrate- 
free) would be used instead of modifying and testing a new medium. 
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A second modification which was made to the motility procedure 
was that a modified 25 ml volumetric flask was used instead of the 
Wasserman tube. The MIF was employed because it could accommodate a 
large inoculum which the small Wasserman tube could not. Also, the 
bottom of the MIF could provide for the establishment of a large surface 
area between the bottom inoculum layer and the top motility layer. It 
was expected that this large surface area would improve the probability 
of Salmonella migrating into the motility layer. Also, the MIF was 
designed such that one side port would accommodate the ssTET while the 
other side port would accommodate the bacterial culture. These side 
ports were placed into the flasks to minimize the chance of cross¬ 
contamination when a series of MIFs were being prepared. 
In addition to the modifications discussed above, the primary 
enrichment broth was incubated at 4l.5°C instead of 35°C before inocula¬ 
tion of the MIF because elevated temperatures have been used success¬ 
fully to suppress the growth of nonsalmonellae in enrichment media (33, 
34, 59). Novobiocin was also supplemented into the media because it is 
known to inhibit the growth of Proteus spp. and certain coliform organ¬ 
isms (35, 51). 
Experiments which were performed with the MIFs revealed that 
Novobiocin supplemented into the ssTET and ssTRYP media at a final con¬ 
centration of 20 pg per ml was effective at inhibiting the motility of 
P. vulgaris and E. aerogenes without adversely affecting the motility of 
the Salmonella tested. E. coli ATCC 8739, C. freundii and E. cloacae, 
however, were not inhibited at this concentration. When pure culture of 
Salmonella and other enteric bacteria were individually seeded in 
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Tetrathionate Broth at a concentration of 10 per ml, incubated at 
41.5°C for 8 h and then inoculated into the MIFs, only Salmonella and C. 
j£eundii were actively motile. The motility of E. cloacae was greatly 
reduced and the other nonsalmonellae were not recovered from the MIFs. 
These data indicated that the combination of an 8 h primary enrichment 
in Tetrathionate Broth at 4l.5°C before MIF inoculation and the use of 
Novobiocin in the ssTET and ssTRYP could effectively reduce the number 
of nonsalmonellae competing with the Salmonella spp. in the MIFs. 
In a survey of 42 serotypes of Salmonella, 39 or 92.8% were MIF 
positive when only about 100 cells of each were inoculated into a MIF 
and the unit was incubated for 24 h. Of the 3 MIF negative strains, 
S. dub1in and S. newport were positive after 36 h of incubation whereas 
S. good showed no motility in the unit. S. typhimurium was positive 
after 24 h of incubation; however, the immobilization band which was 
formed was weak. 
Mixed culture studies with 4 serotypes of Salmonella and motile 
nonsalmonellae showed that the MIF procedure was very sensitive at 
detecting low numbers of Salmonella even in the presence of high levels 
of competitive organisms. However, the MIF results with the 
typhimurium strain were difficult to reproduce. In contrast, the 
MIF results with the other 3 test strains were always reproducible. 
The first phase of experimentation was concluded with a com¬ 
parative study of the MIF and cultural methodologies. The data gener¬ 
ated from 301 food and environmental samples revealed that the MIF was 
more efficient than culture for detecting Salmonella. Only 5 samples 
were positive by culture, but negative by MIF (false negative rate of 
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1.7%) whereas 84 samples were MIF positive, but culture negative (false 
positive rate of 73.3%). Significantly, 49 of the apparently false 
positive MIFs were later verified culturally as containing Salmonella. 
The final phase of study investigated the importance of each 
medium component used in the assay for supporting the rapid motility of 
Salmonella. These experiments were initiated because a small per¬ 
centage of the Salmonella strains tested were found to be slowly motile 
or nonmotile in the MIF media. It was hoped that these investigations 
would lead to the development of a motility medium which would be better 
able to support the rapid motility of a greater percentage of strains of 
Salmonella. 
A survey of 97 serotypes was conducted to determine the per¬ 
centage of stock culture strains which were poorly motile and to estab¬ 
lish whether the inhibition of motility was caused by high concentra¬ 
tions of agar and/or Novobiocin. The data revealed that most strains 
(greater than 95%) were actively motile in media prepared without Novo¬ 
biocin. When Novobiocin was not supplemented into the media, the selec¬ 
tion of the agar concentration was not critical and either 0.2 or 0.3% 
BBL agar could be employed. When Novobiocin was added into the media at 
a level of 10 pg per ml, some inhibition of motility was noted when the 
agar concentration was 0.3%. At 20 pg per ml, the motility of many of 
the serotypes was greatly depressed; however, the inhibition was more 
pronounced when Novobiocin was supplemented with 0.3% than with 0.2% BBL 
agar. The strains of S. good and S. typhimurium which were found to be 
poorly motile during the developmental studies were determined to be 
sensitive to concentrations of Novobiocin higher than 10 pg/ml. 
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From the MIF and motility studies, a slowly motile strain of S. 
dub1in, S. good, S. newport, S. rostock and S. senftenberg, and an 
actively motile control strain of S. lexington, were selected for assays 
used to determine motility rates. These assays were initiated for the 
purpose of better defining the relationship of motility rate to individ¬ 
ual medium components. 
The first medium component studied with the motility rate assays 
was the solidifying agent used in the media. In the original MIF stud¬ 
ies, the concentration of agar to be employed in the media was empir¬ 
ically determined based upon observations of rapid motility of certain 
strains of Salmonella and the ease in which the motility layers could be 
formed. In the initial studies, 0.4% Difco agar was used in the media 
and most of the cultures tested were found to be highly motile. How¬ 
ever, when BBL agar was tested at 0.4%, it was observed that motility 
was either restricted to the syneresis fluid (between the glass wall of 
the MIF and the motility medium) or was so slow that no easily discern¬ 
ible immobilization bands were formed. Active motility of most of the 
serotypes was not restored until the concentration of the BBL agar was 
reduced below 0.3%. 
The motility rate assays were found to be especially useful for 
selecting the appropriate concentration of agar or agarose for the 
media. Each time a new type or lot of agarose was used, the appropriate 
concentration was determined by comparing the rates of motility for the 
new agarose preparation, over various concentrations, to the rate of 
motility established for the agarose to be replaced. When 4 agarose 
preparations were directly or indirectly standardized against 0.2% 
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BBL agar, comparable motility rates were observed with 0.12% SeaKem HGT 
Agarose, 0.18% SeaKem CB Agarose, 0.20% SeaKem RE Agarose and 0.26% 
SeaPlaque Agarose. 
Agarose was used in the motility rate assays instead of agar 
because it is a more purified product and may be devoid of certain 
contaminating materials which could interfere with motility. Each of 
the agarose preparations tested has unique physical and chemical 
properties (27). The SeaPlaque Agarose, for example, exhibits a low 
gelling temperature of about 28°C, whereas the SeaKem HGT (high gelling 
temperature) Agarose gels at 42.5°C. SeaKem LE Agarose has low en- 
doosmotic properties which are important for certain electrophoretic 
separations. 
The motility rate assay was also used for evaluating the effect 
of Novobiocin on the slowly motile test organisms. The data revealed 
that the motility rate of S. good was significantly depressed as the 
concentration of Novobiocin was increased to 25 pg per ml, whereas the 
motility rates of S. dub1in and S. newport were only slightly reduced. 
The motility rates for S. lexington and S. senftenberg remained rela¬ 
tively unchanged while S. rostock was found to increase slightly with 
the addition of Novobiocin; possibly a result of growth-promoting 
agent(s) in the Novobiocin preparation. These results closely parallel¬ 
ed those obtained with the motility tubes. 
The implication of the Novobiocin and agarose/agar data was that 
Novobiocin-sensitive strains of Salmonella were probably not recovered 
during the initial comparative study with food and environmental samples 
as the original MIF media were prepared with 20 pg per ml of Novobiocin 
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and 0.4% Difco agar. The motility results indicated that for maximal 
recovery of Salmonella in the MIF, the media should be prepared with 
concentrations of Novobiocin no higher than 10 pg per ml. Also, since 
the inhibition of motility with Novobiocin is exacerbated with high agar 
concentrations, the lowest possible agar concentration should be em¬ 
ployed whenever Novobiocin is added into the media. 
The Novobiocin studies indicated that S. good was the only 
strain of the 5 slowly motile strains selected for study which was 
significantly affected by Novobiocin supplementation. As a result, the 
motility studies were continued for the purpose of investigating the 
peptones for their role in influencing the motility rates of the other 
slowly motile Salmonella. 
A great disparity in the motility rates was recorded for the 
different peptones. The composite motility rates were found to increase 
when the concentrations of Bacto-Peptone, Proteose Peptone #3, Neopep¬ 
tone and BioCert Peptone were increased above 1.5%. In contrast, the 
composite motility rates decreased in Polypeptone, Thiotone and Trypti- 
case as the concentrations were increased. In Bacto-Tryptone and Bacto- 
Peptone supplemented with 1.0% Beef Extract, the composite motility 
rates were relatively unchanged as the concentrations were increased to 
6.0% 
Certain generalities were apparent following the analyses of the 
individual serotypes in the different peptone-based motility media. For 
example, the motility rates of S. good, S. lexington and S. senftenberg 
usually followed a similar pattern as the concentrations of the pep¬ 
tones were increased. A noteworthy observation for these strains was 
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that the rates of motility did not usually increase significantly for 
concentrations above 1.5% for most of the peptones tested; Neopeptone 
and BioCert Peptone were notable exceptions. S. rostock generally 
followed the motility patterns of these strains with the exception 
being a marked increase in the motility rate for S. rostock in Proteose 
Peptone //3 when the other stains showed nominal change. In contrast to 
these four, the motility rates for S. dublin often increased as the 
concentrations of most of the peptones were increased above 1.5%. This 
characteristic of S. dublin was especially noteworthy in Bacto-Tryptone, 
Bacto-Peptone, Proteose Peptone #3 and Bacto-Trypticase. The motility 
rates for S. newport did not usually vary as dramatically as the other 
test strains for the peptones tested. Increases in the motility rates, 
however, were noted for S. newport in Polypeptone, Bacto-Tryptone, 
Proteose Peptone #3 and BioCert Peptone but only when tested at the 
higher concentrations. 
Additional motility rate assays were performed for the purpose 
of determining whether amino acids were important for regulating the 
motility rate of Salmonella in peptone-based media. The studies with 
the different peptones indicated that S. dublin and S. newport might be 
slowly motile because of a deficiency of critical nutrient(s) since the 
motility rates of these serotypes generally increased with higher con¬ 
centrations. Paradoxically, the motility rates of the other 4 serotypes 
usually decreased as the peptone concentrations were increased. Since 
the amino acid concentrations of different peptone preparations vary 
considerably, it was necessary to attempt to determine the importance of 
amino acids in regulating the rates of motility. 
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The motility studies with the supplemented amino acids suggested 
that most of the amino acids in peptones do not significantly influence 
motility rates. This conclusion was based upon the observations that: 
(1) the motility rates did not usually change with amino acid 
_i 
supplementation or varied only when 10 M concentrations were tested, 
(2) the concentrations of the amino acids in the peptones never 
exceeded 400 pinole per gram of peptone. 
The data generated during the L-Serine supplementation studies, 
however, suggested that the level of this amino acid in peptone-based 
motility media was significant. L-Serine was the only amino acid, which 
_i 
when supplemented at a level of 10 M, reduced the motility rate of each 
of the 6 strains tested. Also, it was the only amino acid which de¬ 
creased the motility rates of S. good, S. lexington, S. rostock and S. 
_ 4 
senftenberg when supplemented at levels as low as 10 M. In addition, 
when groups of polar and nonpolar amino acids were added into 1.5% 
Bacto-Peptone, the motility rates were only affected by the polar amino 
acid supplementations. Significantly, the patterns which were observed 
for the polar amino acids were analogous to those for L-Serine alone. 
When growth curves were compared with motility curves, it was 
found that changes in growth rates often correlated directly with 
changes in motility rates for most of the amino acids studied. There 
were, however, exceptions to this observation. 
The supplementation of the motility medium with L-Cysteine 
increased the motility rates of S. dublin, S. newport, and S. rostock. 
However, a decrease in the growth rates of these serotypes was recorded. 
This is explained by the reducing nature of the L-Cysteine which results 
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in the decrease in free oxygen in the media. This sequestration of 
oxygen is probably more significant in the cuvet used for the growth 
studies where oxygen is not readily available than in the motility assay 
where it is more accessible. Since Salmonella have an active cytochrome 
system and are capable of utilizing oxygen as a terminal electron ac¬ 
ceptor, a decrease in the concentration of free oxygen in the medium 
would be expected to decrease the growth rate. 
In contrast to L-Cysteine, L-Serine was found to decrease the 
motility rates but increase the growth rates of the six strains. 
L-Serine has been identified as a strong chemoattractant of E. coli and 
S* typhimurium (1, 2, 44, 45). Attractants are known to inhibit the 
movement of motile bacteria when present in high concentrations because 
of the saturation of certain cell surface receptors. These chemo- 
receptors normally recognize low to high concentration gradients and 
move preferentially toward the higher concentrations. However, when the 
bacteria are placed into an environment which contains very high at- 
tractant concentrations they are unable to move until they have metabol¬ 
ized a sufficient amount of the attractant to establish a gradient. The 
rate of motility is therefore impeded, although the bacteria continue to 
grow at a very high rate. It is believed that chemoattraction is pre¬ 
dominately responsible for inducing the movement of motile bacteria. 
Examples of other attractants which have been identified for E. coli, 
include Glucose, Galactose, Aspartic Acid and oxygen (1, 2). 
In addition to the anomalous reactions with L-Cysteine and 
L-Serine, the motility rate of S. newport was depressed with supple- 
_ l 
mentation of 10 M L-Phenylalanine and L-Isoleucine without a 
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concomitant decrease in the growth rate. A similar pattern was apparent 
for S. rostock with supplementation of L-Isoleucine, L-Glutamine and 
L-Alanine. Although these amino acids follow a pattern somewhat char¬ 
acteristic for attractants, they have been identified in previous 
studies as chemorepellents (1, 2, 66). Some notable characteristics 
for amino acid repellents are that they generally are hydrophobic and 
that they induce movement away from the chemical only when the concen- 
_ 2 
trations are above 10 M. 
Amino acid supplementation studies with peptones other than 
Bacto-Peptone revealed dissimilar motility responses. The composite 
motility rates increased when L-Citrulline was supplemented at a con- 
.2 
centration of 10 M into BioCert Peptone and Bacto-Peptone. No such 
increase, however, was recorded when L-Citrulline was added into Beef 
Extract and Bacto-Tryptone. The motility rates for S. dublin decreased 
_ 3 
when L-Serine was added into Beef Extract at 10 M, but increased for 
supplementation into Bacto-Tryptone, Bacto-Peptone and BioCert Peptone 
at this concentration. Similarly, the motility rate of S. newport 
increased slightly when L-Serine was supplemented into Beef Extract at 
-3 _ 4 
10 and 10 M, with little change noted for Bacto-Peptone, Bacto- 
Tryptone and BioCert Peptone. In contrast to the motility patterns of 
S. dublin and S. newport, the motility rates of the other strains de¬ 
creased as the concentrations of L-Serine were increased irrespective of 
the peptone used. 
Based upon the supplementation studies with the different pep¬ 
tones, it can be concluded that the results for the amino acid assays 
cannot be extrapolated past the experimental conditions employed, i.e., 
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to different lots, types or concentrations of peptone. This conclusion 
is predictable because of the large differences in the amino acid com¬ 
position between peptones and because of the innumerable potential 
interactions between those amino acids in the peptones and the supple¬ 
mented amino acids. 
A model was developed which was based upon observations made 
during the motility and amino acid supplementation studies. It is dis¬ 
cussed here for the purpose of explaining the movement of Salmonella in 
peptone-based motility media. The model was founded upon the idea that 
the rate of motility is dependent upon two distinct, but interdependent 
processes: (1) the chemotactic recognition of L-Serine as the pre¬ 
dominant amino acid in peptones and (2) the uptake and removal of 
L-Serine from the medium. 
The implications of these processes are apparent if it is ac¬ 
cepted that motile organisms recognize gradients and move towards higher 
concentrations of attractants. In peptones, the motile organisms ap¬ 
parently form gradients through metabolism of the amino acids. There¬ 
fore, if L-Serine is the predominant amino acid recognized chemo- 
tactically, the rate of motility becomes dependent upon the concen¬ 
tration of the amino acid in the medium and the rate that it is removed 
by the organisms. If the concentration of L-Serine in the medium is 
increased, the rate of motility should be proportionately decreased 
(provided the L-Serine does not stimulate an increase in the growth 
rate) simply because there is more of the amino acid to consume. The 
motility rate then becomes dependent upon the rate of L-Serine uptake 
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and the concentration of the L-Serine in this medium. This relationship 
can be expressed mathematically with the equation, 
RMR = (1/C) (N), 
where RMR is the relative motility rate at a specified L-Serine level, C 
is the concentration of L-Serine in the medium and N is the rate of 
removal of L-Serine from the medium (e.g., molecules removed per sec). 
Since it is assumed in this model that the rate of L-Serine removal 
correlates closely with the rate of growth, the RMR can be calculated 
for a particular motile organism by determining its growth rate in a 
certain peptone preparation. 
When this equation is examined from a theoretical perspective, a 
maximum motility rate can be defined at a concentration of L-Serine 
which is just at its detection limit, such that it would be recognized 
chemotactically as the predominant amino acid in the peptone and at a 
theoretical maximum growth rate (Figure 24). As the L-Serine concen¬ 
tration is increased, the maximum RMR is indirectly proportional to the 
concentration of the amino acid since the rate of L-Serine removal 
cannot be increased. 
To illustrate the implications of this motility model, 4 hypo¬ 
thetical situations concerning the effect of L-Serine supplementation in 
different peptones on the rate of motility will be discussed. It is 
assumed that the rate of growth and motility is never 100% of the theo¬ 
retical maximum in these peptones. As a result, it is accepted that the 
addition of L-Serine into the peptone-based medium may increase the rate 
of growth and removal of L-Serine. 
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The first situation involves a peptone which supports a rapid 
rate of growth and motility (Figure 25). In this case, the addition of 
L-Serine does not appreciably increase the rate of growth and the motil¬ 
ity rate decreases in a fashion analogous to that for the theoretical 
curve. However, the decrease in the rate of motility as the concentra¬ 
tion of L-Serine is increased is greater than the theoretical decrease 
since the growth rate in the peptone is below the theoretical maximum. 
N for the peptone will always be less than the theoretical maximum N. 
In the second situation, the peptone is less capable of sup¬ 
porting rapid growth and motility such that the addition of L-Serine 
slightly increases the rate of growth (Figure 26). In this case, the 
decrease in the motility rate is buffered by an increased rate of 
L-Serine removal such that no decrease in the rate of motility is noted 
for the lower supplement concentrations. 
The third situation involves a peptone which agains supports 
slow growth and motility (Figure 27). However, the addition of L-Serine 
to this peptone appreciably increases the growth rate. In this case, 
the rate of removal (N) is considerably more significant than the in¬ 
creased levels of L-Serine in the medium (C). As a result, the motility 
rates actually increase at the lower L-Serine supplementation levels and 
decrease only slightly at the higher levels. 
Finally, the interrelationship between the rate of growth and 
motility is graphically illustrated (Figure 28). In this case, two 
peptones are compared. One peptone supports 50% of the maximum growth 
and motility at the detection limit for L-Serine, while the other sup- 
_ l 
ports 25%. With the addition of 10 M L-Serine to the peptones, the 
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growth rates in the two peptones become equivalent and consequentially 
the motility rates are equivalent. 
If the tenets of this,model are correct, they should be sub¬ 
stantiated by the data generated during the motility studies. Reviewing 
the peptone studies, it was observed that the motility rates of the 
actively motile strains, S. good, S. lexington and S. senftenberg, 
generally increased as the concentration of those peptones with low 
Serine levels (BioCert Peptone (20 pmoles per gram of peptone) and 
Neopeptone (25 pmoles per gram)) were increased. In these cases, the 
increased levels of growth-promoting agents such as amino acids (in¬ 
cluding Serine) and possible vitamins in the peptones were more signifi- 
m 
cant than the increased Serine concentrations in the medium. In con¬ 
trast, the motility rates for these strains usually decreased as the 
concentrations of those peptones with higher Serine levels (Bacto- 
Tryptone (195 pinole per gram), Polypeptone (105 pinole per gram) and 
Thiotone (100 pmole per gram)) were increased. The motility rates 
generally remained unchanged as the concentrations of the peptones with 
intermediate levels of Serine (Bacto-Peptone (40 pmole per gram) and 
Proteose Peptone #3 (50 pmole per gram)) were increased. Trypticase was 
the exception as the rates of motility decreased in this peptone even 
though it had lower levels of Serine (20 pmole per gram). One possible 
explanation for this discrepancy is that Trypticase has very high levels 
of Phosophoserine which was found to decrease the rate of motility in a 
fashion similar to that for L-Serine (but at higher concentrations). 
In contrast to the motility patterns observed for the rapidly 
motile strains, the motility rates of S. dublin and S. newport generally 
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increased as the concentrations of the peptones were increased. Since 
these strains were usually slowly motile in most of the peptones 
especially at the lower concentrations, the results suggested that the 
increase in the rate of growth was more significant for these strains 
than the increased levels of L-Serine as the peptone concentrations were 
increased. 
Other studies which were noteworthy included the motility assays 
in which Beef Extract was supplemented into Bacto-Tryptone, Bacto- 
Peptone and BioCert Peptone. In each case, the Beef Extract supplemen¬ 
tation increased the rate of motility. However, the highest rates were 
recorded in BioCert Peptone with 20 pmole of Serine per gram, followed 
by Bacto-Peptone with 40 pinole per gram and finally Bacto-Tryptone with 
195 pinole per gram. The data suggested that the RMR for the Bacto- 
Tryptone was lower because of the higher Serine concentrations. 
The amino acid supplementation studies showed that certain amino 
acids, usually at high concentrations, increased the motility rates of 
the 6 strains tested. However, a larger number of amino acids were 
found to significantly increase the motility rates of the less motile 
strains, i.e., S. dub1in, S. newport and S. rostock. Generally, the 
motility rates of the other more rapidly motile strains were not ap¬ 
preciably increased with amino acid supplementation. Comparisons of 
growth and motility rates revealed that increases in the growth rate 
usually correlated with an increase in the motility rate. These results 
indicate a strong association between the rate of growth and motility 
with this relationship being best illustrated with the strains which 
were less motile. 
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When L-Serine was supplemented into Beef Extract, Bacto- 
Tryptone, Bacto-Peptone and BioCert Peptone, the motility rates of S. 
good, S. lexington, S. rostock and S. senftenberg decreased as the 
_4 _ l 
concentrations were increased from 10 to 10 M. Presumably, the 
addition of L-Serine into these peptones did not appreciably increase 
the rate of growth of these serotypes relative to the higher concen¬ 
trations in the medium. In contrast, the motility rates of S. newport 
_ 3 
increased with addition of L-Serine into Beef Extract at levels of 10 
_ 4 
and 10 M. Similarly, the motility rates of S. dub1in, increased when 
L-Serine was supplemented into Bacto-Tryptone, Bacto-Peptone and BioCert 
-2 _ 3 
Peptone at levels of 10 and 10 M. These increases can be explained 
as an increased ability to remove L-Serine from the medium as the con¬ 
centration of the L-Serine was increased in the medium. It was also 
observed that the motility rate of S. dub1in decreased when L-Serine was 
_ 4 
supplemented into Beef Extract at concentrations above 10 M. The 
possible explanation is that the motility rate of S. dub1in is much 
higher in Beef Extract (indicating a more rapid growth rate) such that 
the addition of L-Serine does not increase the rate of L-Serine uptake 
relative to the higher concentrations in the medium. 
Although the model presented is only supported by circumstantial 
evidence, it seems to adequately explain the different motility patterns 
observed for the test serotypes in the various peptone preparations. In 
addition, the data strongly supports the contention that the rate of 
motility is dependent upon the rate of growth in a peptone-based medium 
and the chemotactic recognition of L-Serine as the predominant amino 
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acid. Additional studies are needed, though, to verify the relationship 
of growth and chemotaxis for determining the rate of motility. 
Following the motility experiments, the 6 test strains were 
assayed in the MIF to determine the time required for positive immobili¬ 
zation reactions. The assays were performed by individually seeding 
approximately 100 cells of each culture into a unit. The motility 
medium used included 1.0% BioCert Peptone, 2.0% Beef Extract, 0.18% 
SeaKem CB Agarose and no Novobiocin. This particular medium was 
selected because it was found to support the rapid motility of even the 
problem strains. Following incubation of the MIFs, all of the strains, 
with the exception of the S. senftenberg strain, were MIF positive in 
less than 18 h of incubation at 35°C. In fact, S. dub1in, and 
S. newport which required 36 h of incubation before positive immobiliza¬ 
tion bands were observed when 1.5% Bacto-Tryptone was employed in the 
motility medium, now required less than 16 h of incubation. S. senften¬ 
berg , which was actively motile in the motility plates, moved only about 
2 mm above the ssTET layer in the MIF. Also, small microcolonies with a 
halo of growth about 1.2 mm around each colony were observed in the 
motility medium above the ssTET layer. These observations lead to the 
hypothesis that this strain of S. senftenberg required higher concentra¬ 
tions of oxygen for motility and that oxygen was not as available in the 
motility medium in the MIF as in the motility plates. This possibility 
was tested by preparing a motility medium with a higher oxygen content. 
This was accomplished by preparing a motility medium with 0.26% Sea- 
Plaque Agarose (which does not gel until a temperature of 28°C is 
reached), cooling the sterile medium to 32°C and shaking vigorously for 
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5 min before dispensing into the MIF. These steps were performed 
because the medium prepared with the SeaPlaque Agarose is capable of 
holding oxygen because of the lower temperature of solidification. When 
the 6 problem strains were tested, all were observed to be actively 
motile and produced easily discernible immobilization bands. 
The final testing of the MIF was accomplished with a unit which 
was modified for easy and rapid inoculation by employing a series of 3 
interlocking micropipet tips at one of the inoculum ports and with a 
motility medium prepared with 1.0% BioCert Peptone and 2.0% Beef Ex¬ 
tract; a combination which supported the rapid motility of the problem 
strains of Salmonella. In addition, the MIF media were prepared without 
Novobiocin. 
A complication arose with the new motility medium as the level 
of antibody which was normally employed in the MIF assay was found to be 
insufficient to effect complete immobilization of certain strains of 
Salmonella. Following the motility studies, it became apparent that the 
concentration of antibody needed for immobilization was dependent upon 
the rate that the organisms were moving through the medium. The rate of 
motility, in turn, was dependent upon the concentration of agar or 
agarose, the use of Novobiocin and/or the type and concentration of 
peptone employed in the medium. The general rule seemed to be that the 
faster the rate of motility, the more difficult the Salmonella were to 
immobilize. When a high concentration of antisera was used, another 
problem became apparent. Certain strains of competitive bacteria were 
found to produce pseudo-immobilization bands because of the Merthiolate 
which is used as a preservative in the antisera. Sodium Thioglycollate 
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at 0.1M was found to be useful for neutralizing the Merthiolate and 
eliminating the pseudo-immobilization bands. 
The first series of tests involved a comparison between the MIF 
technique and culture and fluorescent antibody procedures using chicken 
liver samples and chicken litter samples (from chicken orally infected 
with S. infantis). In these experiments, the MIFs were inoculated 
directly with the primary enrichment. These results revealed percent 
agreements between the MIF and the culture and fluorescent antibody 
procedures to be 94 and 92%, respectively. No false positive results 
(MIF+/C-/FA-) were recorded; however, a 2.8% false negative rate 
(MIF-/C+/FA+) was observed. Three of the 4 false negative results 
occurred with the chicken litter samples incubated at 43°C for 48 h. 
The false negative results suggested that the S. infantis from the 
orally infected chickens were overwhelmed by the motile competitive 
bacteria and blocked from moving into the motility medium. 
Final modifications were made in the MIF technique in an effort 
to reduce the false negative rate. After it was ascertained that the 
motility of nonsalmonellae could be inhibited with L-Serine in a fashion 
_i 
analogous to that observed for Salmonella, 10 M L-Serine was supple¬ 
mented into TETBG Broth which, in turn, was added in with the primary 
enrichment during inoculation of the MIF. The purpose of this modifi¬ 
cation was to promote the selective migration of Salmonella by in¬ 
creasing the residence time of the motile enteric bacteria in the 
inoculum which was introduced into the MIF. It was hypothesized that 
the motile enteric bacteria present in the inoculum would recognize 
chemotactically the high L-Serine concentration and not be capable of 
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moving into the nonselective motility medium until most of the L-Serine 
had been metabolized. When most of the L-Serine had been removed, the 
enteric bacteria would again respond to the concentration gradient (low 
L-Serine concentration in the spent inoculum medium to higher concen¬ 
tration in the motility medium) and move into the motility medium in the 
direction of the higher attractant concentrations. It was believed that 
the protracted residence in the secondary enrichment medium would give 
Salmonella the selective growth and subsequent motile advantage over the 
motile competitors. Also, many of the nonsalmonellae grow slowly in 
Tetrathionate Broth such that when Salmonella are not present, the 
consumption of L-Serine will be very slow and the movement of the com¬ 
petitors into the motility medium will be delayed. 
The use of the L-Serine to promote secondary enrichment in the 
MIF had step-saving advantages. First, the addition of L-Serine to the 
Tetrathionate Broth provided a mechanism for secondary enrichment in the 
MIF which obviated the need for the extra step of transferring a primary 
enrichment to fresh secondary enrichment in a second tube. Also, no 
waiting period for incubation of the secondary enrichment was necessary 
before inoculation of the MIF. 
The testing with the 146 cloacal swab samples (from chicks 
orally infected with Nalidixic Acid-resistant S. typhimurium) demon¬ 
strated an agreement of 98.6%. When the one false positive MIF was 
examined culturally, no Salmonella were identified. Instead a 
Citrobacter sp. was isolated. This result indicated that certain com¬ 
petitive enteric bacteria may share common H antigens with Salmonella 
and be immobilized by Salmonella-specific Polyvalent H Antisera. 
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Approximately 40% of the negative MIFs showed no growth after 24 
h of incubation. In contrast, no MIFs were observed to be devoid of 
growth when the MIFs were inoculated directly with the primary enrich¬ 
ment medium. These data indicated that the secondary Serine supple¬ 
mented enrichment medium was effective at reducing or eliminating cer¬ 
tain motile enteric bacteria present in the primary enrichment. 
The MIF technique was found to be an efficient method for 
identifying Salmonella spp. in food and environmental samples. The 
inoculation of the unit proved to be simple (especially when the MIFs 
were prepoured with motility medium), the MIF was safe and convenient to 
handle and the total analysis time for a sample was between 18 and 32 
hours. The immobilization bands formed in the MIF were easy to dis¬ 
tinguish and subjectivity in interpreting positive and negative 
reactions was minimal. In the final testing, using the Serine supple¬ 
mented Tetrathionate Broth for secondary enrichment, the false positive 
and negative rates were very low and the percent agreement with the 
cultural technique was 98.6%. In addition, the data from the prelim¬ 
inary testing of the MIF suggested that the MIF is more reliable than 
certain cultural techniques for detecting Salmonella from poultry and 
environmental samples. The MIF technique may have an advantage in that 
it may not have to be tailored to a particular type of sample for opti¬ 
mal recovery of Salmonella as is often the case for the cultural pro¬ 
cedure. In addition, since the procedure is essentially nonselective 
after enrichment, the MIF technique may recover certain strains of 
Salmonella which are sensitive to selective agents. 
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One disadvantage of the MIF is that it detects only motile 
strains of Salmonella and is not capable of recovering the aberrant 
serotypes, S. pullorum and S. gallinarum. However, the incidence of 
disease in humans caused by these serotypes is extremely low and they 
are not considered to be of clinical importance (4). 
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